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Ir  one  of  the  principal  characteristics  of  our  epoch,  from  a 
commercial  point  of  view,  is  the  immense  progress  which 
every  department  of  productive  industry  has  achieved,  it 
mnst  be  admitted  that  the  arts  of  adulteration  and 
sophistication  have  more  than  kept  pace  with  the  progress. 
These  arts  have  invaded  the  luxuries  and  necessities  of  both 
the  rich  and  the  poor — raiment,  food,  medicine,  furniture, 
the  means  of  life,  and  the  requirements  of  disease  ;  all  that 
can  be  mixed,  hackled,  twisted,  ground,  pulverized,  woven, 
pressed  ;  all  articles  of  consumption  in  trade,  in  manufac- 
tures, in  the  arts ;  in  a  word,  all  that  can  be  made  matter  of 
commerce  and  be  sold,  is  adulterated,  falsified,  disguised,  or 
drugged. 

Yet  it  is  necessary  to  make  a  distinction,  for  many  things 
are  denounced  as  adulterated,  which  strictly  speaking  arc 
not  so.  For  example,  if  by  any  contrivance  a  manufacturer 
succeed  in  making  cloth  or  tissue  in  which  a  portion  of  wool 
or  of  silk,  or  of  linen,  is  replaced  by  cotton  (and  such  fabrics 
are  constantly  made,  as  every  one  knows),  such  articles  are 
improperly  said  to  be  spurious ;  it  is  simply  a  new  fabric 
which  partakes  of  certain  properties  of  each  material,  and 
when  sold  for  tchat  it  is^  there  can  be  no  ground  for  com- 
plaint; the  public  are  clearly  benefited  by  being  able  to 
procure  articles  answering  the  purpose  and  looking  nearly,  if 
not  quite,  as  well  as  fabrics  composed  entirely  of  wool,  silk, 
or  linen,  at  a  reduced  price  ;  and  it  is  only  when,  on  account 
of  the  close  imitation,  the  seller  succeeds  in  palming  such 
articles  on  the  unwary  customer  at,  or  nearly  at,  the  price  of 


the  geouine  goods,  fhat  the  practice  is  to  be  deprecated ;  but 
in  such  a  case  the  fraud  clearly  lies  at  the  door  of  the  seller, 
not  at  that  of  the  maker ;  neither  are  the  goodtt  to  be 
inveighed  against  becanse  dishonestly  sold  for  that  which 
they  are  not,  that  is,  under  a  false  name,  and  at  a  price 
irbich  they  could  not  command  if  their  nature  were  known- 
When,  however,  sophistication  is  practised  upon  drngs  or 
substances  employed  for  manafactaring'  purposes,  no  such 
reasons  can  be  pleaded,  even  in  extenuation,  for  no  benefit 
can  possibly  accrue  to  the  public,  even  though  the  price  be 
a  reduced  one,  of  an  admixture  of  sulphate  of  barytes,  or 
of  chalk,  for  example,  to  white  lead  ;  of  lamp-black  to  plum- 
bago ;  of  sulphate  of  potash  to  sulphuric  acid,  &c.,  &c. ;  and 
if  adulteration  be  applied  to  medicinal  agents,  drugs,  or  in- 
gredients, or  to  articles  of  food,  the  fraud  becomes  diabolical 
and  unpardonable,  for  the  addition  of  chalk,  of  plaster,  of 
alum,  to  flour  and  to  bread,  of  tallow  and  ochre  to  choco- 
late, of  chromate  of  lead  to  tea,  Ac.,  not  only  affects  the 
purchaser's  purse,  bnt  destroys  his  health  ;  whilst  the  sub- 
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chemist  or  to  the  advanced  chemical  student ;  thej  require 
a  preyious  competent  knowledge  of  the  science,  and  do  not 
afford  the  slightest  assistance  to  those  who,  not  being  very 
conversant  with  chemical  matters,  only  wish  to  ascertain 
the  purity  or  the  actual  amount  of  available  matter  contained 
in  the  substances  manufactured  or  purchased  by  them. 

in  the  same  manner  as  a  treatise  of  analytical  chemistry 
indicates  the  methods  by  which  compounds  in  genei'al  can 
be  distinguished  from  each  other,  and  their  quantity  de- 
termined, the  'Commercial  Hand-book  of  Chemical 
Analysis  '  is  intended  to  show  the  specific  application  of 
these  methods  to  compounds  of  a  particular  kind,  and  in 
which  the  operator  may  have  to  examine  whether  they  are 
contaminated  by  impurities,  or  sophisticated  by  fraudulent 
additions,  and  to  what  extent ;  or,  in  fact,  whether  the  con- 
stituents known  to  exist  in  the  genuine  article  are  present, 
and  in  the  proper  degree. 

In  order  to  facilitate  research,  all  the  substances  treated 
of  have  been  put  in  alphabetical  order ;  and  several  of  these 
compounds  being  known  under  various  names,  they  have 
been  entered  under  all  these  names  in  their  respective  order, 
the  reader  being  at  the  same  time  referred  to  the  more 
modem  appellation  for  the  information  required. 


EDITOR'S   PREFACE 

TO 

THE     PRESENT     EDITION. 
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In  this  New  Edition  the  alphabetical  order  of  the  substances 
treated  of  in  the  former  has  been  retained.  Every  article 
has  been  carefully  revised,  and  the  latest  processes  for 
detecting  impurities  have  been  given.     Many  of  the  articles 


bearing  on  the  sophiBiication  of  Bubetauces  of  domestic 
coasnmptton,  e.g.,  bread,  ieer,  butter,  cheese,  miVc,  tea,  ivater, 
toine,  &c.,  have  been  greatly  enlarged,  and  some  new  ones 
have  been  added. 

As  it  has  been  my  wieh  to  make  the  work  a  '  Handy 
Book '  not  only  for  the  efficient  analyst  discfaarging  hie 
dntiee  nnder  the  new  Adulterations  Act,  bnt  for  others 
also  lese  conversant  with  the  details  of  chemical  analysis, 
a  conaiderable  development  has  been  given  to  the  '  Glos- 
sary,' which  will  be  fotind  to  contain  mnch  new  matter 
on  the  subject  of  'Chemical  Manipulation, '  illaatmted 
by  many  new  and  appropriate  woodcats  ;  whilst,  as  the 
design  of  the  book  is  altogether  practical,  the  different 
processes  are,  as  in  the  former  edition,  described  in  plain 
language  and  withont  the  employment  of  chemical  symbols 
and  notation. 

Henhy  M.  Noad. 

St.  Oeobob's  Uosfitu.  : 
February  187S. 
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AOXTATB  or  OOFFBS  (Snbaoetate  Of  Copper*  Ver- 
dlfHsv  JBm^o,  Verdlter).     See  CoPFEB. 

ACXTATB  or  XiSAB  (Siiffar  of  ]«ead,  Salt  of  flatnm). 

SeelJiAJ). 

ACXTATB  or  SOBZITM. — This  salt  is  of  importance  as 
being  the  principal  sQsrce  from  which  acetic  acid  is  obtained 
foT  several  processes  in  the  arts.  It  is  sometimes  contaminated  by 
sulphate  of  sodium,  and  bj  ehloride  of  sodium^  or  of  potassium. 

To  detect  the  former,  a  known  quantity  of  the  salt  is  dissolved 
in  water,  the  solution  is  acidified  with  hydrochloric  acid,  and  then 
solution  of  chloride  of  barium  added ;  the  formation  <^  ft  white 
precipitate  (sulphate  of  barium)  indicates  the  presence  of  sul* 
phtuic  acid.  It  should  be  collected  on  a  filter,  washed,  dried, 
Tgnited  and  weighed.  loo  grs.  sulphate  of  barium  =»  34-34  sul- 
j^uric  acid  «i  61  sulphate  of  sodium. 

Chloride  of  sodium,  if  present,  may  be  detected  by  adding  a 
few  drops  of  nitric  add  to  a  solution  of  a  known  quantity  of 
acetate  of  sodium,  warming  the  solution^  and  then  adding  solution 
of  nitrate  of  silver  and  well  agitating.  The  precipitate  (if  any) 
is  allowed  to  subside,  and  is  then  collected  on  a  small  filter,  washed, 
dried  in  a  porcelain  crucible,  heated  to  incipient  fusion  and 
.  weighed.  100  grs.  chloride  of  alver  =  2474,  chlorine  =  40*8 
chloride  of  sodium. 

Pure  acetate  of  sodium  is  white  and  neutral  when  tried  by  test 
papers ;  it  dissolves  in  2*86  parts  of  cold  water,  and  5  parts  of 
alcohol, 

AOBTZO  AOIB.     See  ViKEaAB. 

IT.     ISee  ALTfAtiTlfBTBY.  ^ 
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A&fMBOK  (aplrlt  of  Wine,  Spirits).— The  Bjaiits  of  irine 
of  commerce  ia  easentiall;  a  mixture  of  alcohol  and  w&ter,  con- 
ttuning  in  addition  a  Yeij  fsmall  pToportion  of  a  peculiar  oil  derived 
from  the  aubBtoDco  from  which  tho  spirit  has  been  ohtained. 

The  proportion  of  real  alcohol  contained  in  spirita  of  wine,  oi 
its  ttrength,iB  generally  ascertained  by  determining  ita  apecific 
gravitr,  which  is  beat  done  by  weigUng  a  known  volume  in  a 
delicate  balance,  hut  more  generally  by  an  instrument  called  the 
Sjfitometer  or  Alcoholometer,  on  account  of  the  fadlitf  of  its 
application,  and  of  the  rapidity  with  which  the  experiment  can  be 
performed.  There  are  several  forma  of  hydrometer,  but  the  in- 
strument always  conriata  of  a  hollow  bulb  of  glaaa  or  of  metal, 
with  a  counterpoise  below  it  and  a  slender  stem  above,  divided 
into  a  certain  number  of  degreeg.  A  eet  of  tables  ia  generally 
sold  witli  the  instrument,  by  conaultiog  which  the  specific  gravi^ 
of  the  B[arit  is  easily  ascertwned,  after  obeeiring  the  degree  upon 
F,^ ,,  the  stem,  to  which  the  instrument  sinka  on  being 

!_.  immersed  in  the  spirit  under  eiaminatioa. 

»  Snoa's  nydrometer,  which  ia  the  one  used 

£  in  levying   tho  spirit   duty   in   this   country,   is 

I  abown  in  the  margin.     It  conaiats  of  a  brass  ball 

*  A,  tlirough  which  a  flatatem  b  passes,  loaded  nt  c, 

B  4  and  which  ia  divided  into  1 1   equal  parts.     It  ia 


ALCOHOL. 


The  proportion  of  alcohol  in  spirits  of  wine  may  be  expressed 
either  by  weight  or  by  volume.  Now  as  alcohol  and  water  do  not 
mix  wiUioat  alteration  of  volume,  a  contraction  taking  place  vary- 
ing with  the  temperature,  the  specific  gravity  of  each  mixture  of 
alcohol  and  water  must  be  determined  by  direct  experiment.  For 
the  purposes  of  commeroe,  the  amount  of  alcohol  in  spirits  is 
estimated  by  volume,  but  for  scientific  purposes  the  strength  of 
spirit  is  always  expressed  in  percentage  by  weight. 

The  percentages  of  anhydrous  alcohol,  both  by  weight  and 
Tolume  of  mixtures  of  alcohol  and  water,  according  to  their 
specific  gravity  as  determined  by  Tbixles  from  the  observations 
of  Gilpin,  is  given  in  the  following  Table : — 

PereerUagei  of  Anhydrous  Alcohol  hy  toeiaht  and  volume  in  mixtures 

of  Alcohol  and  Water. 


Volumes 

percent, 

aooording 

toTrallcs 


o 

z 
a 

3 

4 

5 
6 

7 
8 

9 

lO 
IZ 
12 

»3 

14 

IS 
z6 

»7 
zj 

19 
ao 

2Z 

23 

23 

24 

25 
26 

27 


Weights  per 
cent. 


o 

o'8o 

z-6o 

a*40 

3-20 

4 '00 

4'8z 

5*62 

6*43 
7-24 

80s 

8-87 

969 

zo*5z 

1 1  33 
za'is 

Z2'98 

i3'8o 

1463 

IS  46 

z6'28 
Z7'iz 

I7'95 
Z878 

Z9'62 

so'46 

21*30 

22' 14 


Spedflc 

graTities 

aooordingto 

Oilpinat 

Volumes 
percent, 
aooording 
toTralles 

Z'OOOO 

28 

0-9985 

29 

•9970 

30 

•9956 

31 

•9942 

32 

•9928 

33 

•9915 

34 

•9902 

35 

•9890 

36 

•9878 

37 

•9866 

38 

•9854 

39 

•9844 

40 

•9832 

41 

•9821 

42 

•98II 

43 

•9800 

44 

•9790 

45 

•9780 

46 

•9770 

47 

•9760 

48 

•9750 

49 

•9740 

SO 

•9729 

SI 

•9719 

52 

•9709 

53 
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54 

'9688 

55 

Weights 
cent. 


22*99 
23-84 
2469 

2555 
26*41 

2727 

2813 

2899 

29-86 

3074 
31.62 

32-50 
33*39 
34-28 
35-18 
3608 

36-99 
37*90 
38  82 

3975 
40*66 

41-59 
4252 
43*47 
44-42 
45-36 
4632 

47-29 


Specific 

gravities 

according  to 

GUpinat 

6o«P. 


09677 
•9666 

•9655 

-9643 
•9631 

•9618 
•9605 
•9592 
'9579 
•9565 
•9550 
•9535 
•9519 
•9503 
•9487 

•9470 
•9452 
"9435 
•9417 
•9399 
•9381 
•9362 

'9343 

•9323 

•9303 
•9283 

92.62 

92.42 


meant  that  zoo  measures  of  this  spirit,  when  diluted  with  water,  would 
yield  Z30  measures  of  proof  spirit.  On  the  other  hand,  spirit  30  per  cent. 
b^Unc  proof  contains,  in  100  measures,  100-30,  or  70  measures  of  proof 
i^irit. 
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The  follovring  Table,  in  which  the  proportioQ  of  abtolnte 
ftlcohol  by  weight  in  100  ptrta  of  i^pirita  of  differeut  specific 
gravities  at  60°  F.  is  given,  b  by  Fowtieb  ('  Phil.  Trana,'  1 S47), 

Every  alternate  number  is  the  result  of  n  direct  synthetical 
neiperiment,  absolute  alcohol  and  distilled  wator  being  weighed 
out  in  the  proper  proportions,  and  mixed  by  a;^'ilation  in  stoppered 
bottles.  After  a  lapte  of  three  or  four  days,  «ach  Bpecimen  wah 
brought  exactly  to  60^  F.,  and  the  specific  gravity  determined 
^tb  great  caie. 
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as  being  wood-Daphtha,  and  which  had  been  at  first  detained  on 
suspicion^  succeeded  in  establishing  that  the  so-called  wood- 
naphtha  consisted  almost  entirely  of  alcohol,  slightly  disguised  by 
a  small  proportion  of  pyroligneous  acid. 

The  process  recommended  by  Dr.  Ubb,  for  the  detection  of 
alcohol  in  wood-spirit,  is  as  follows : — 

'A  small  quantity  of  nitric  acid,  of  specific  gravity  1*45,  is 
first  to  be  added  to  the  spirit  under  examination,  "^hich,  if  alcohol 
is  present,  will  immediately  produce  an  efierrescence  of  nitrous 
ether  gas,  which  may  be  recognised  as  such  by  its  odour.  The 
mixture  is  then  treated  by  a  solution  of  mercury  in  nitric  acid 
(which  is  prepared  by  dissolving  100  grs.  of  mercuiy  in  one  fimd 
ounce  of  nitric  acid,  with  the  help  of  heat).  Soon  after  this  addi- 
tion, and  especially  with  the  help  of  a  gentle  heat,  the  mixture 
begins  to  efferTesoe  and  to  eyolve  thick  ethereal  yapours ;  should 
the  efibrvescence  become  too  tumultuous  or  violent,  it  must  be 
quelled  by  immediately  withdrawing  the  fire,  and  cooling  the 
vessel.  A  yellowish  grey  precipitate  falls  down,  which  is  ful- 
minate of  mercury,  and  which  should  be  immediately  separated 
by  decanting  or  filtering  the  liquor  from  it,  washing  the  precipi- 
tate on  the  filter  with  a  little  distilled  water,  and  carefuUy  drying 
it  at  a  heat  which  must  not  exceed  100^  Fahr. ;  after  which  it  is 
weighed.  The  quantity  of  fulminate  of  mercury  obtained  is 
nearly  equal  to  that  of  the  alcohol  contained  in  the  wood-spirit ; 
at  any  rate,  the  formation  of  the  detonating  salt  is  quite  cha- 
racteristic of  the  presence  of  alcohol,  since  wood-spirit  treated  by 
nitric  acid  and  mercury  or  silver  can  produce  no  fulminate  of 
silver  or  mercury.  In  collecting  these  substances,  particularly 
fulminate  of  silver,  contact  with  anything  hard  should  be  care- 
fully avoided,  as  they  are  dangerously  explosive;  fulminate  of 
mercury  explodes  less  readily,  and  should  be  preferred.  For  the 
purpose  of  collection,  the  feather  of  a  quill  should  be  used,  and  if 
the  quantity  is  at  all  considerable,  that  is,  if  it  exceeds  a  few 
grains,  it  should  be  collected  on  several  filters  so  as  to  handle  only 
small  portions  at  a  time.' 

According  to  TJbe,  the  best  criteria  for  distinguishing  wood- 
naphtha  firom  alcohol,  and  ascertaining  whether  the  former  is 
genuine  or  illegally  mixed  with  alcohol,  are  the  following : — 

First,  The  boiling  point  of  pure  wood-naphtha  spirit  is  at 
least  20^  F.  below  that  of  alcohol  of  the  same  gravity,  and  it  ex- 
bales  a  characteristic  pungent  and  offensive  odour.  Thus  Dr. 
Ube  found  the  boiling  points  of  pure  wood-spirit  and  of  pure 
alcohol  to  be  as  follows : — 
Sp.  gr.  0*870  boiling  point  of  wood-spirit  144°  F.,  of  alcohol  180®  F. 

„  08832  „  „  146°  „  17 V^'' 


If  10  per  cent,  of  nRphtba  be  mixed  with  alcoKol,  tlie  boiling 
pc^t  is  lowered  at  least  6°  F. 

Secondly.  When  rectified  naphtha  of  gp.  gt.  0-870  is  diatilled 
along  with  B  great  quontitj  of  unBlaked  powdeted  quicklime  in  a 
retort  plunged  in  boiling  water,  the  Bpirit  comes  over  with  the 
graTitj  unchanged ;  whereas  if  genuine  alcohol,  or  a  mixture  of 
alcohol  with  naphtha  h«  distilled  in  the  same  way,  the  distilled 
portion  is  neu^  CJ^e  &om  water,  and  of  a  gravity  under  0*800,  or 
70  per  cent,  over  proof,  at  the  temperature  of  60°  F.,  wood-spirit 
having  apparently  a  greater  affinity  for  water  than  alcohoL 

Thirdly.  When  water  is  added  to  alcohol  the  specific  gravity  of 
the  liquor  becomes  reduced  in  greater  proportion  than  when  wood- 
spirit  of  the  same  gravity  as  the  alcohol  is  diluted  with  the  same 
quantity  of  water.  Thus,  for  example,  if  alcohol  of  a  given  densty 
is  diluted  with  a  certiun  quantity  of  water  so  as  to  bring  it  up  to 
ep.  gr.  0'920,  wood-spirit  of  the  same  original  gravity,  and 
diluted  with  the  same  quantity  of  water,  will  become  of  sp.  gt 
0-926  or  0-927. 

According  to  Uex,  caustic  potash  in  powder  in  the  most  deli- 
cate test  for  the  detection  of  wood-spirit  in  alcohol,  for  if  wood- 
^irit  be  present  the  liquor  assumes  tiien  a  brown  colour;  whilst 
pulverized  potaib  does  not  ftller  tbo  colour  oF  pure  nlcolwl,  even 
after  ?avttr.il  hnurs,  nnd  it  is  only  nflcr  a  ivhole  day's  cfntni't  that 
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high,  and  half  an  inch  in  diameter,  capahle  of  holding  more  than 
1,000  grains  of  water.  It  is  graduated  accurately  from  the  top 
downwards,  into  100  divisions,  in  such  a  way  that 
each  division  contains  10  grains  of  water.  It  has  a 
small  tuhe  b,  communicating  with  the  larger  one, 
which  small  tube  is  bent  and  bevelled  at  the  top,  c. 
This  veiy  ingenious  instrument  was  contrived  by  Gat- 
LrssAC,  and  is  by  far  more  convenient  than  the  ordi- 
nary alkalimeter,  as  by  it  the  test  acid  may  be  un- 
erringly poured,  drop  by  drop,  as  wanted.  The  only 
drawback  to  Gat-Lussac's  alkalimeter  is  the  fra- 
^lity  of  the  small  side  tube,  b,  on  which  account 
the  common  alkalimeter,  Fig.  4  (see  tnjrd),  is  more 
generally  used,  because,  as  it  has  no  side  tube,  it  is 
not  liable  to  be  so  easily  broken ;  but  then  it  is  less 
manageable,  requires  greater  steadiness  of  hand,  and 
does  not  give  such  accurate  results,  a  portion  of  the 
test-acid  being  often  wasted  in  various  ways.  Gat- 
]lirssAC*s  alkalimeter,  therefore,  is  preferable ;  and  if 
melted  sealing  wax  be  run,  or  gutta  percha  pressed  into  the  in- 
terstice between  the  small  and  the  large  tube,  the  instrument  is 
thereby  rendered  much  less  fragile. 

The  form  of  alkalimeter  represented  in  Fig.  3  is 
A  modification  of  Schusxeb*s  alkalimeter,  and  will 
be  found  more  convenient  still  than  that  of  Gat- 
TiVSSAC,  It  consists  of  a  glass-tube.  A,  of  the  same 
dimensions,  and  graduated  in  the  same  manner  as 
that  of  Gat-Lussac  ;  but  it  is  provided  with  a  glass 
foot,  and  the  upper  part,  b,  is  shaped  like  the  neck 
of  an  ordinary  glass  bottle,  c  is  a  bulb  blown  from 
a  glass  tube,  one  end  of  which  is  ground  to  fit  the 
neck,  B,  of  the  alkalimeter,  like  an  ordinary  glass 
stopper.  This  bulb  is  drawn  to  a  capillary  point  at 
D,  and  has  a  somewhat  large  opening  at  e.  With 
this  instrument  the  acid  test-liquor  is  perfectly  under 
the  control  of  the  operator,  for  the  globular  joint 
at  top  enables  him  to  see  the  liquor  before  it  actually 
begins  to  drop  out,  and  he  can  then  regulate  the 
pouring  to  the  greatest  nicety,  whilst  its  more  sub- 
stantial form  renders  it  much  less  liable  to  accidents 
than  that  of  GAT-LussAa  The  glass  foot  is  extremely 
convenient,  and  is  at  the  same  time  a  great  additional  security. 

When  the  common  alkalimeter,  Fig.  4,  is  used,  the  operator 
must  carefully  pour  the  acid  from  it,  by  closing  the  tube  with  his 
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tlitimb,  BO  as  to  allow  the  acid  to  trickle  in  drops  as  occasion  maj 
requite;  and  it  is  well  also  to  smear  the  lip  of  the  tube  wi^ 
tallow,  in  order  to  prevent  an  j  portion  of  the  test-acid 
from  bmng  wasted  bj  runniiig  over  the  outside,  after 
pouring,  which  accident  would,  of  course,  render  th« 
analysiB  altogether  inaccurate  and  worthless ;  and 
for  'Uie  same  reason,  after  hanng  once  begun  to  pour 
the  acid  from  the  alkalimeter,  bj  allowing  it  to 
trickle  between  the  thumb  and  the  lip  of  the  tube,  aa 
above  mentioned  the  thumb  must  not  be  remoTed 
from  the  tube  till  the  end  of  the  experiment,  for 
otherwise  the  portion  of  acid  which  adheres  to  it 
would,  of  course,  be  wasted,  and  vitiate  the  result. 
With  either  of  the  aUcalimeters,  Hgs.  z  and  3,  this 
precaution  is  not  required,  the  add  blling  natuisUj, 
drop  bj  drop,  from  the  siuaU  tube,  bj  incliniug  the 
alkalimeter. 

There  are  several  other  forma  of  biireite  or  alkali- 
meter. Fig.  5  is  the  form  known  as  BnrKs's  burette. 
The  drop  tube  is  here  at  the  top  instead  of  at  the 
bottom  of  the  tube.  The  use  of  this  inatrument  re- 
quires a  steady  hand,  but  after  a  little  practice  a 
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ia  then  well  dried,  and  heftted  to  a  low 

1  B  poicelain  oi  platinum  ciudble;  when 

cold,    it  is    weighed,    again 

^"■6.  heated    for    some  I"     , 

,  then  again  weighed.  The  pro- 

complete    when  tbe 
second  atom  of  cubonic  add 


has  beea  completely  expelled, 

and  when  the  weight  lemaina 

constant 

m     U        _^j-j^^_^  I  Of  the  purified  carbonate 

ii     l^i      ^S^S  Wfi^     of  sodium  thus  prepared  530 
^^B^^  ^JI^^^^^BBffl^j      graans  are  dissolved  in  exactlj 

I  ci,ocx>  graitts  of  distilled  water ; 
a  solution  is  thus  ohl^ned  1,000  grain  measures  of  which  contain 
53  gnuns  representing  one  equivalent  of  carbonate  of  Bodium.  This 
quanti^  of  the  alkaline  solution  is  poured  into  a  smaU  beaker,  and 
a  sufficient  quantitj  of  infusion  of  Utraus  is  added  to  communicate 
to  it  a  disdnct  blue  colour.  The  alkalimeter  is  filled  eiactlj  at 
c^  with  the  diluted  acid,  and  a  beaker  being  placed  over  a  lamp 
(on  n  piece  of  wire  gauze),  the  acid  is  poured  on  until  the  blue 
colour  is  changed  to  bright  red.  The  operator  must  be  careful 
not  to  mistake  the  port-inine  red  colour  which  the  liquor  assumes 
(Grom  the  evolution  of  c&ibonic  acid)  for  the  distinct  re^  produced 
by  a  very  slight  addition  of  the  add,  and  when  the  point  of 
oatuiatioD  is  approached  the  addition  of  the  add  must  be  made 
with  great  care,  the  alkaline  liquid  being  nearly  boiling.  The 
operation  being  finished,  the  quantity  of  add  which  has  been 
requited  is  observed,  and  the  eiperiment  is  repeated  a  second  time 
wi  ftesh  1,000  gnin  meoaurea  of  the  alkaline  solution  until 
perfectly  concordant  results  are  obtained. 

Suppose  that  600  grain  measures  of  acid  hare  been  required 
to  efiect  on  exact  saturation  of  the  alkaline  solution ;  this,  then,  ia 
tke  quantity  of  add  equivalent  to  53  grains  of  caihonate  of  sodium ; 
and  by  adding  400  grain  measures  oi  water  to  every  600  grun 
meanirea  t^auch  add,  «  aolution  is  obtained,  1,000  grain  measures 
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of  iThich,coDtu[]ing  exactly  49  gtuiu  of  inoDo-liTdnted  aolplmnc 
«cid,  ftie  equivalent  to  53  grains  of  carbonate  of  sodium,  to  31 
grains  of  caustic  soda,  to  69  gnuns  of  caibonatA  of  potasmum, 
and  to  47  grains  of  caustic  potash. 

Hany  chemists  prefer  oxalic  acid  to  sulphuric  acid,  far  the 
following  reasons ; — i,  It  is  easily  obtained  in  a  state  of  purity  by 
TeciystftlUzation,  and  in  its  cryBtalline  form  its  composition  ia 
perfectly  definite ;  2,  because,  being  a  solid,  it  is  better  adapted 
for  weighing  than  a  liquid,  and  is  not  liable  to  deliquesce,  or  to 
effloresce ;  and  3,  because  it  is  quite^«f^  in  heated  solutions. 

If  oxalic  acid  be  adopted  as  the  base  of  the  volumetric 
alkalimetrical  system,  63  grains  of  the  pure  crystallized  add  ars 
dissolved  in  water,  and  the  solution  is  diluted  to  1,000  grain 
measurea  at  6oc^  F.  This  quantity  of  solution  will  then  exaclly 
neutralize  31  gruns  of  caustic  soda,  53  grains  of  carbonate  of 
sodium,  47  grains  of  caustic  potash,  and  69  grains  of  carbonate  of 

In  order  to  control  accurately  this  solution,  Mohk  tests  it  vith 
a  solution  of  caustic  potash  or  soda;  he  prefers  the  former,  as  it 
has  less  action  on  glass,  Soon  prefera  caustic  soda,  from  ths 
greater  facili^  with  which  it  may  be  obttdned  free  from  ulido 
and  sulphuric  acids.  It  is,  however,  immaterial  which  acid  be 
employed.    The  caustic  ellraline  solution  is  diluted  with  distilled 


ALKALDCETBT.  1 3 

Ted,  and  then  tbe  normal  caustic  alkali  added  drop  by  drop  until 
the  liquid  changes  suddenly  to  violet-blue.  The  number  of 
divisions  of  the  burette  that  have  been  required  to  effect  this 
must  be  deducted  from  the  quantity  of  acid  originally  used. 
By  this  backward  or  residual  method  very  sharp  results  may  be 
obtained. 

Example. — Suppose  850  burette  divisions  of  the  normal  acid 
have  been  required,  the  following  calculation  gives  the  amount  of 
real  carbonated  alkali  in  the  sample, 

as  1,000  :  850  :  :  53  :  ^ 

X  a  45|  the  amount  of  carbonate  of  sodium  in  53  grains  of  the 
sample. 

The  soda  ash  of  commerce  contains  generally,  besides  insoluble 
substances,  which  are  removed  by  filtering,  a  greater  or  less 
quantity  of  chloride  of  sodium  (common  salt)  and  of  sulphate  of 
sodium  (which,  however,  do  not  interfere  with  the  accuracy  of  the 
result) ;  but  when  sulphurets,  sulphites,  or  hyposulphites,  are 
present,  these  substances,  neutralizing  a  certain  quantity  of  the 
test-acidy  would  render  the  estimation  seriously  inaccurate ;  where- 
fore it  is  absolutely  necessary  in  such  cases  to  transform  these 
substances  into  sulphates  by  calcining  a  given  quantity  of  the 
sample  with  five  or  six  per  cent,  of  chlorate  of  potassium,  as 
recommended  by  Gat-Lijssao  and  Welter.  The  operator, 
therefore,  should  intimately  mix  500  or  600  grains  of  pulverized 
chlorate  of  potassium  with  100  grains  of  the  pulverized  sample, 
and  fiise  the  mixture  in  a  platinum  crucible.  The  fused  mass 
should  then  be  dissolved  in  boiling  water,  filtered,  washed,  and  in 
every  respect  assayed,  as  was  described  before,  with  one  or  the 
odier  of  the  test-acids  mentioned. 

But  if  the  soda-ash  contains  any  hyposulphite,  it  should  not 
be  calcined  with  chlorate  of  potassium,  because  under  the  influence 
of  this  substance  one  equivalent  of  hyposulphite  becomes 
transformed,  not  into  one  eqtdvalent  only  of  sulphate^  but,  reacting 
upon  one  equivalent  of  carbonate  of  sodium,  expels  its  carbonic 
acid,  and  forms,  with  the  soda  of  the  decomposed  carbonate,  a 
second  equivalent  of  sulphate  of  sodium,  each  equivalent  of  hypo- 
sulphite becoming  thus  converted  into  two  equivalents  of  sulphate, 
and  therefore  creating  an  error  proportionate  to  the  quantity  of  the 
liyposulphate  present,  each  equivalent  of  which  would  thus 
destroy  one  equivalent  of  real  and  available  alkali,  and  render 
the  estimation  of  the  sample  inaccurate. 

It  is  dierefore  preferable,  according  to  Messrs.  FBESENiirs  and 
Will,  to  add  to  the  alkaline  solution  of  the  sample  a  small 
quantity  of  yellow  chxomate  of  potassium,  the  chromic  acid  of 
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which  troDBforma  the  sulphites,  hyposulphites,  and  aulphurets  into 
aulphates  aud  water,  with  sepanitioD  of  Bolphur. 

Detection  of  StdiAuret  of  Sodium,  Sulphite,  or  RypotulphiU  of 
Sodium  in  Soda-aih. — Whether  the  sample  to  be  analjied  contaiiu 
snj  sulphuiet  of  sodium,  sulphite,  or  hyposulphite  of  sodium,  is 
easU;  ascertained  as  follows : — 

If,  on  pouring  sulphuric  acid  upon  s  portion  of  the  sodinasli 
under  examination,  an  odour  of  rotten  eggs  (sulphuretted 
hydrogen)  is  evolved;  or  if  a  portion  of  the  soda-ash,  b^ng 
dissolved  in  water,  and  then  filtered,  produces  a  black  predpitata 
(sulphuret  of  lead),  when  solution  of  acetate  of  lead  is  poured  into 
it,  then  the  sample  contuna  sulphuret  of  sodium. 

And  if  a  certain  portion  of  the  aah  he  added  to  some  dilute  sul- 
phuric add  (tinged  reddish-yellow  by  bichtomat«  of  potassium), 
but  in  quantity  not  Buffident  to  saturate  the  add  completely,  and 
a  ffreen  tinge  is  imparted  to  the  add,  it  is  a  proof  that  the  sample 
contains  either  lulpMU  or  hypomdphite  of  sodlam,  the  green  tinge 
bdng  due  to  the  tcansfbrmatian  of  the  chromic  add  into  oxide  of 


If  hydrochloric  add,  being  poured  into  a  tiear  aolutinn  of  the 
Boda-ash  and  left  at  rest,  becomes  turldd  after  some  time,  and 
erolves  an  odoui  of  sulphurous  add  (the  odoui  of  burning 
hrimstone),  the  turbidnosa  is  prt>ducml.  by  a  sepsratioa  of  sulpliur. 
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add  produced  is  then  passed  through  the  liquor  c,  filtered  from 
the  carbonate  of  barium  above-mentioned.  The  stream  of  carbonic 
acid  produces  a  precipitate  of  carbonate  of  barium,  which  should 
be  also  collected  on  a  separate  filter,  washed,  dried,  and  weighed. 
Each  fnrain  of  this  second  precipitate  of  carbonate  of  barium  corre- 
sponds to  0*32  of  caustic  soda. 

As  the  soda-ash  of  commerce  almost  invariably  contains 
earthy  carbonates,  the  sample  operated  upon  should  always  be 
dissolved  in  boiling  water  and  filtered,  in  order  to  separate  the 
carbonate  of  calcium,  which  otherwise  would  in  all  circumstances 
saturate  a  proportionate  quantity  of  the  test  acid  and  render  the 
analysis  worthless. 

h.  Commercial  Pearlashes. — ^The  mode  of  operating  is  precisely 
the  same,  but  as  the  equivalent  of  carbonate  of  potassium  is  69, 
the  weight  of  the  sample  to  be  operated  upon  to  make  in  solution 
10,000  grain  measures  will  be  690.  It  may  sometimes  be 
convenient  to  employ  a  normal  sulphuric  add,  1,000  grain 
measures  of  which  shall  be  equivalent  to  precisely  100  grains  of 
the  anhydrous  caustic  alkali.  For  this  purpose  it  is  obvious  that 
different  standard  acids  will  be  required  for  soda  and  for  potassa. 
That  for  soda  must  be  of  such  a  strength  that  1,000  grain 
measures  shall  saturate  exactly  171  grains  of  pure  carbonate  of 
sodium,  and  that  for  potassa  must  be  precisely  equivalent  to 
146*8  gprains  of  pure  carbonate  of  potassium.  The  advantage  of 
the  standard  above  described  is  its  equivalency  both  to  potassa  and 
fioda. 

Drs,  Fresifnius  and  WUTs  AUcalimetrical  Process, — Besides  the 
alkalimetrical  processes  which  have  been  explained  in  the  pre- 
ceding pages,  the  proportion  of  available  alkali  contained  in  a 
sample  may  be  estimated  by  ascertaining  the  amount  of  carbonic 
add  contained  therein,  and  which  is  disengaged  on  neutralizing 
the  carbonated  alkali. 

This  method,  however,  of  estimating  the  value  of  alkalies  by 
the  weight  of  the  carbonic  acid  gas  liberated,  and  which  is 
always  proportionate  to  the  quantity  of  real  alkali  in  the  carbonate 
operated  upon,  has  been  long  known.  Dr.  Ube,  in  the  '  Annals  of 
PhUoflophy,'  for  October  181 7,  and  afterwards  in  his  pamphlet 
<  Chemistry  Simplified,'  described  several  instruments  for  analyzing 
earthy  and  alkaline  carbonates  by  the  quantity  of  carbonic  acid 
disengaged  firom  them  when  treated  by  an  acid.  The  ingenious 
little  apparatus  employed  by  Drs.  Fbesenius  and  Will  for  the 
same  purpose,  gives  also  accurate  results;  but  it  should  be 
observed,  that  when  the  potash  or  soda-ash  of  commerce  contains 
any  caustic  alkali,  or  bicarbonate  of  alkali,  or  any  earthy  or  other 
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Mrbonatea— foi  example,  carbonate  of  ctJdum,  which  is  frequently 
fhe  case^-this  proceaa  is  not  applicable,  wIms  the  caoBtic  alkali  or 
ito  carbonate  be  preTiooaly  converted  into  the  neutral  carhonate ; 
the  earthj  carbonate,  which  ma;  be  preaent  likewise,  must  be 
lemoved  befotehaud. 

The  apparatus  of  Drs.  FBEszmrs  and  Will  consists  bf  two 

flasks,  A,  B.    The  first  must  have  a  capEid^  of  from  two  to  two 

ounces  and  a  half;  the  second,  or  flask  b, 

^°'  ^  shonld  be  of  a  smaller  size,  and  hold  from 

one  ounce  and  a  half  to  two  oimcee.    Both 

flasks    must   be    provided    with    perfecUf 

sound  corks,  each  perforated  vrith  two  bolee, 

through  which  the  tubes  o,  c,  d,  are  passing. 

The  lower  extremitj  of  the  tube  a  must  be 

so  adjusted  as  to  reach  neailj  to  (he  bottom 

of  the  flask  a,  and  its  upper    extremity  is 

B  A  closed  by  means  of  a  small  pellet  of  wax ; 

e  is  a  tube  bent  twice  at  right  angles,  one 

end  of  which  merely  protrudes  through  the  cork  into  the  flask 

A,  but  the  other  end  reaches  nearly  to  the  bottom  of  the  flask  b. 

The  tubs  d  of  the  flask  b  merely  protrudes  through  the  cork  into 
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acid  is  disengaged,  and  in  order  to  escape  it  must  pass  by  the  tube 
c,  through  the  concentrated  sulphuric  acid  of  the  flask  b,  by 
which  it  is  completely  dried  before  it  finally  escapes  through  the 
tube  d.  The  effervescence  produced  by  the  disengagement  of  the 
carbonic  add  having  subsided,  suction  is  again  applied  to  the 
tube  d,  in  order  to  cause  afresh  quantity  of  sulphuric  acid  to  flow 
over  into  the  flask  as  before,  and  so  on,  until,  the  carbonate  being 
completely  decomposed,  carbonic  acid  ceases  to  be  evolved. 
When  this  point  is  obtained,  a  powerful  suction  is  applied  to  the 
tube  (/,  in  order  to  cause  a  tolerably  large  quantity  of  acid  to  flow 
into  the  flask  a,  which  thus  becomes  very  hot,  from  the 
combination  of  the  concentrated  acid  with  the  water,  so  that  the 
carbonic  acid  is  thoroughly  disengaged  from  the  solution. 

When  all  evolution  of  carbonic  acid  gas  has  ceased,  the  little 
stopper  of  wax  is  carefully  removed  from  the  tube  e,  and  suction 
applied  for  some  time,  in  order  to  remove  the  carbonic  acid 
contained  in  the  flasks  and  replace  it  by  atmospheric  air.  When 
the  apparatus  has  become  quite  cold  it  is  weighed  again,  the 
difference  of  weight  between  this  second  weighing  and  the  first — 
that  is  to  say,  the  Iom — indicates  of  course  the  quantity  of  car- 
bonic acid  which  was  contained  in  the  carbonate  and  which 
has  escaped,  from  which  the  quantity  of  the  carbonated  alkali 
operated  upon  may  be  calculated.  Suppose  that  the  loss  is  19^ 
grains,  taking  the  equivalent  of  soda » 31,  and  that  of  carbonic 
acids 22  (carbonate  of  sodium-* 5 3),  it  is  clear  that  if  22  of 
carbonic  acid  represent  31  of  soda,  or  53  of  carbonate  of  sodium,  the 
19^  grains  of  carbonic  acid  which  were  disengaged  represent  48 
grains  of  carbonate  of  sodium,  or,  in  other  words,  the  100  grains 
of  soda-ash  operated  upon  contained  47  per  cent,  of  carbonate  of 
sodium. 

As  the  soda-^ash  of  commerce  always  contains  earthy  carbo- 
nates, instead  of  putting  the  icx)  grains  which  are  to  be  analyzed 
directly  into  the  flask  a,  it  is  absolutely  necessary  first  to  dissolve 
them  in  boiling  water,  to  filter  the  solution,  and  to  wash  the 
precipitate  that  may  be  left  on  the  filter  with  boiling  water.  The 
solution  and  the  washings  being  mixed  together,  should  then  be 
concentrated  by  evaporation  to  diminish  their  bulk  to  the  proper 
volume  for  introduction  into  the  fiask  A,  and  the  process  is  then 
carried  on  as  described. 

If  the  soda-ash  under  examination  contain  any  sulphuret  of 
sodium,  sulphite  or  hyposulphite  of  sodium,  it  must  be  treated 
exactly  as  described  above,  previous  to  beginning  the  analysis,  since 
otherwise  sulphuretted  hydrogen  and  sulphurous  acid  would  be 
disengaged  along  with  the  carbonic  add,  which  would  apparently 

c 
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aDgnent  the  proportion  of  the  latter  and  render  tha  reault  q 


If  the  soda-ash  contain  any  caustic  soda,  which  b  frequently 
the  case,  Dre.  Fbbsbshjs  and  Will  piewribe  to  weigh  off  a 
portion  of  the  nmple,  and  to  triturate  it  in  a  mortar  with  about 
3  or  4  parte  of  qunrtzose  sand,  and  about  one  third  part  of 
carbonate  of  ammonium.  The  whole  is  then  put  into  a  eraall 
iron  capsule,  and  the  mass  beiu);  moistened  with  aqueoua 
ammonia  ia  then  evaporated  to  dryness,  in  order  to  expel  the 
ammonia  and  carbonate  of  ammonium.  The  mass  is  then  treated 
by  water,  filtered,  washed,  concentrated  to  the  proper  bulk  by 
evaporation,  and  tben  treated  as  deecribed. 

The  balance  used  for  this  mode  of  analyne  ahonld  be  capable 
of  indicatinp'  small  weifthta  when  heavily  laden. 

Mr.  Orijm'i  Method  of  Cmtigradt  TWw?.— The  unit  of  Mr. 

Oriflin'e  system  of  dedmid  raeaeures  is  called  a  teptem  because  it 

contains  7  grains  of  pure  water  at  the  Parliamentary  Standard. 

looaeptems  —   i^lb.  of  water  —  ^  gallon. 

i,oooseptems  -    I  lb.  of  water  -  ^  gallon. 

10,000  septenis  -  10  lbs.  of  water  >    t  gallon. 

To  the  measure  that  contains  I  lb.  of  water,  or  tbe  tenth  part 

mperinl  jfnllon,  be  pivee  the  nnrne  if  BernjnJIon. 
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of  ireigfaiDg  the  teit  atoms  and  brin^g  them  into  eolution  are  u 

Carbonate  of  Potattitun  of  2|°  — The  carbonatee  being  bibosic 
•olutiona  of  2|%  are  equal  in  utniating  power  to  acid  solutions  of 
5°.  Ignite  about  400  grains  of  pure  carbonate  of  polasaium  toi 
abonttenminutee,  then  allow  the  crucible  to  cool  witbitacoTeron. 
Whencold,  weigh  off  345  graisaanddiasolve  them  in  adedgallon 
flask  of  water.  Cover  tlie  mouth  of  the  bottle  with  a  piece  of 
thin  writing-paper,  close  it  tight  with  the  palm  of  the  hand,  and 
mix  thoroQghlj.  The  solution  thus  formed  will  have  the  strength 
shown  by  No.  13  in  the  table  on  page  20,  and  may  he  used  in 
prepaiing  acids  of  5°,  with  which  it  is  equTalent  measure  for 
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ComtpondeHC*  of  tit   Weigii  and  Ueamtrt  of  WaUr.     Temperaturt, 
63^  F.  i  Barom.,  y>  itKha ;  Weight,  AvoirdapoU. 
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Carbonatt  of  Sodium  of  2}°. — This  is  prepared  in  a  precisely 
similar  manner,  the  qnantitj  of  the  pure  recently  ignited  carbonate 
being  265  grains  to  the  decigallon  of  water. 

Su^ihuHe  Acid  of  5°. — Ueasure  into  a  mixing  jar  100  septems 
of  carbonate  of  sodium  of  2!°,  and  add  about  six  drops  of  tincture  of 
libnns.  Jill  the  centigrade  alhalimeter  with  dilute  sulphuric  acid 
( t  part  strong  oil  of  ritriol  x  30  parts  water).  Neutralize  the  100 
sept«ms  of  solution  of  carbonate  of  sodium,  at  a  boiling  heat,  with 
the  acid  dropped  in  slowly  from  the  alkalimeter  till  the  colour 
changes  from  daret  red  to  pale  scarlet.  Towards  the  end  of  the 
operation,  after  erery  addition  of  a  drop  of  add  and  agitation  of 
the  liquor,  B  drop  of  it  ia  to  be  taken  out  on  the  fine  point  of  a 
^•M  rod  and  implied  to  a  [oece  of  blue  litmos  paper.    As  soon  as 
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the  alkali  u  perfectly  neutnlized,  and  the  liquor  coatains  the  least 
excess  uf  odd,  the  litmus  paper  turns  red  where  touched  with  the 
wetted  glflas  rod.  The  number  of  septems  of  the  diluted  acid  that 
are  required  to  neutralize  the  carbonate  of  sodium  shows  the 
number  of  septems  of  the  acid  that  contain  ow-Unlh  part  of  Jivt 
tut  atom*  of  tufyAuric  acid,  or  that  quantity  which  will  form  loo 
septenu  of  solution  of  J°.  The  experiment  must  be  repeated  with 
great  care,  in  aider  to  be  quite  certain  what  the  number  ie.  Sup- 
pose it  to  be  40  septems.  In  that  case  all  that  is  necessary  to  do 
to  produce  sulphuric  acid  of  5°  is  to  put  40  measurea  of  the 
diluted  acid  into  a  test  mixer,  and  add  as  much  water  as  dilutes 
the  40  measures  to  100  meaaurea. 
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OxnUc  Add  of  5°. — A  test  atom  of  crystallized  oialio  add 
weighs  63  grains;  5  test  atoms  veighs  315  grains.  Take  315 
gniDH  of  clesn  Arj  dyst&b  of  puie  oxalic  acid,  and  dissolve  them 
in  a  decigfllloD  of  water.  It  has  then  a  strength  of  5°,  conse^ 
qnentl;  oh»  measure  of  it  wilt  neutnlize  one  measure  of  carbonate 
of  sodium  of  2|°. 
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The  standard  solution  of  carbonate  of  sodium  and  of  oxalic  add 
maj  be  considered  to  be  the  two  bases  of  the  entire  sjBtem  of 
teBtf,  because  other  alkaline  and  acid  solutions  are  prepared  and 
tested  bj  means  of  these,  and  it  ia  a  matter  of  inditfarence  which 
of  these  solutions  be  taken  for  the  standard.  Br.  MoHR  prefers 
oxalic  acid  ;  Mr.  GitlPfiS  prefers  carbonate  of  sodium. 

Preparaiion  of  £qiavaieni  Teit  Liquori  (a)  AlkaUa  ;  Dettr- 
minatiim  of  tht  Chemical  Strength  of  lAquid  Ammottia. — Mix  4 
septema  of  the  ammonia  to  be  test«d  wiUi  lao  eeptems  of  water 
and  6  dropa  of  litmus  in  a  wide-necked  white  glass  bottle.  Hll 
the  centigrade  test  tube  with  sulphuric  acid  of  5°,  and  neutralize 
the  alkali  with  all  the  precautions  described  above.  Divide  the 
number  of  septems  of  sulphuric  add  required  by  4,  and  then 
multiply  by  5.  The  product  is  the  chemical  strength  of  the 
ammonia  expressed  in  test  atoms. 

Example. — Suppose  the  4  septems  of  ammonia  to  require  96 
septems  of  add  of  5°,  then  96-1-4-24,  and  24  x  5  -  1  lO, 
which  is  the  degree  of  the  atrongeat  commerdal  ammonia,  the 
specific  gravity  of  which  is  found  thus : — 
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HRving  thus  Bsceitfdned  the  degree  at  the  solution  of  oi 
atomic  measure,  that  U,  the  quantity  of  it  iriiich  coatuna  i  test 
Atom  of  an  hydrous  ammonia,  ia  found  by  diTiding-  too?  hj  the 
number  that  expresaea  the  degree.  Suppoea  this  to  be  120°,  than 
1000  -*•  [30  "  8'33  1  4t'65  septenu  of  the  Htrong  ammonia 
must  be  diluted  to  1000  eepteme.    It  is  then  a  solution  of  5°. 

Cmtittc  Potaah  of  5°  and  Cauttic  Soda  of  5°  are  prepared  in  the 
same  manner.  The  degree  having  been  found  by  experiment,  the 
atomic  measure  is  calculated,  and  dilutions  of  5  test  atoms  to 
1000  measures  is  effected  in  the  teet  mixer. 

Acta*. — Determination  of  the  Chemical  Strength  of  a  Sample 
of  Nitrie  Add. — Into  a  flask  of  the  cnpadtj  of  3  or  4  ounces 
put  too  septems  of  water,  Add  6  drops  of  solution  of  litmus,  then 
5  septems  of  the  acid  to  be  tested;  shake  the  mixture,  which 
will  have  a  bright  red  colour.  Fill  the  centigrade  test  tube  with 
ammonia  of  10°  of  strength,  and  pour  drop  by  drop  into  the  add, 
shaking  from  time  to  time.  When  the  brightened  colour  of  the 
acid  begins  to  appear  a  little  fainter,  the  ammonia  must  be  added 
in  quantities  of  2  drops  at  a  time.  At  last  the  red  colour  is 
suddenly  conrerted  to  blue,  at  which  point  the  add  is  totally 
neutralized. 

Suppose  the  5  septems  of  nitric  add  to  have  required  84 
o",  then  we  have  these  calculatiooa : 


ALUM.  23 

bat  caastic  potash  lias  the  advantage  of  not  suffering  loss  of 
strength  by  volatilization. 

When  the  standard  test  solutions  are  in  good  order,  the  analysis 
of  acids  and  alkalis  can  be  effected  with  very  small  quantities  of 
liquor;  5  septems  of  a  strong  solution,  or  10  septems  of  a  weak 
solution,  is  commonly  enough  to  operate  upon.  The  best  plan  for 
general  procedure  is  to  begin  with  5  septems  and  neutralize  it 
rapidly ;  a  rough  estimate  is  thus  got  of  the  strength  of  the  liquor, 
after  which  the  experiment  must  be  repeated  carefully  with  5  or 
10  septems. 

Testing  of  Inynire  Carbonate  of  Sodium, — The  carbonate  of 
sodium  of  conmierce  contains  water  and  neutral  salts.  The  object 
of  the  analysis  is  to  find  out  how  much  carbonate  of  sodium  it 
contains.  Weigh  out  2^  atoms  (25  grains)  and  make  with  it  a 
decigaUcn  of  solution ;  then  measure  off  100  septems,  and  test  it 
with  sulphuric  add  of  5^  in  the  manner  described  above.  The 
number  of  septems  of  test  acid  used  shows  the  percentage  of 
pure  carbonate  of  sodium  contained  in  the  impure  sample. 

Testing  of  Vinegar. — Take  50  septems  of  the  vinegar,  dilute 
with  an  equ^  bulk  of  pure  water,  add  a  few  drops  of  litmus,  and 
neutralize  with  test  alkali  of  5°.  Observe  the  number  of  septems 
required,  and  divide  that  number  by  50  and  multiply  it  by  5,  or 
what  comes  to  the  same  thing,  divide  it  by  10 :  the  product  is  the 
degree  of  the  vinegar.  Suppose  the  number  of  septems  to  be  50, 
then  50-i-5o»i,  and  IX5B5,  so  also  50-1- 10^5,  which  is  the 
strength  of  the  vinegar  in  test  atoms  per  decigallon. 

A&QUXrovx  (Arqulfois,  Potter's  Ore,  Cralena,  Snlpbnret 
of  Xead). — Alquifoux  is  a  combination  of  sulphur  and  lead,  which 
is  used  by  potters  to  give  a  green  varnish  or  enamel  to  pottery,  on 
which  account  it  is  sometimes  called  potter's  ore.  It  maybe 
analyzed  the  same  way  as  Gidena.    See  Lsad. 

AJLVBi. — The  substance  known  as  common  alum  is  a  double 
sulphate  of  aluminum  and  potassium ;  but  all  alums  do  not  con- 
tain either  aluminum  or  potassium.  The  word  alum  means  in 
chemical  language  a  combination  of  sulphate  of  potassium  with 
sesquisulphate  of  aluminum,  but  the  sulphate  of  potassium  may 
be  replaced  by  sulphate  of  sodium,  or  by  sulphate  of  ammonium, 
and  ike  sesquisulphate  of  aluminum  may  be  replaced  by  sesqui- 
sulphate of  iron,  or  of  chromium  or  of  manganese ;  but  all  alums 
contain  the  same  number  of  atoms  of  water  of  crystallization,  and 
they  all  crystallize  in  cubes  or  octohedrons. 

The  most  important  of  the  alums,  in  a  technical  point  of  view, 
is  the  potash-alum  (common  alum),  or  double  sulphate  of  alu- 
minum and  potassium,  very  large  quantities  of  which  are  manu- 
fsctured,  both  in  this  country  and  abroad,  for  various  processes  in 


the  arta.  It  u  extenurelj  used  for  dy^g,  aa  n  mordant,  in  the 
mauufactoie  of  paper,  of  caodles,  of  crsjone,  and  aTuiety  of  other 
pnrpoees. 

The  Roman  aiam  has  generallj  a  reddisli  coloor,  dae  to  the 
preaeDCe  of  peroxide  of  iron,  which,  however,  being  insoluble,  doea 
not  inttffere  with  ita  uae  in  djeintr. 

Uoat  of  the  alum  used  b  Eogland  ii  extracted  Erom  alaminoua 
•chiattu,  containing  Bulphnret  of  iron  and  some  bituminoua  matter. 
By  ezposore  to  the  air  the  aulphuret  of  iron  becomes  converted 
into  sulphate  of  iron,  and  into  sulphuric  acid,  the  consequence  of 
which  is,  that  the  alum  prepared  from  such  materials  ntabs 
traces  of  sulphate  of  iron,  which  render  it  unfit  for  certain  dyeing 
operations.  Even  so  small  a  trace  as  0-005  interferes  with  the 
tffightnen  of  several  colours. 

The  presence  of  iron  i«  detected  by  dissolving  a  portion  of  the 
alum,  and  testing  the  solution  with  tincture  of  galls,  which  will 
then  impart  a  black  tinge  to  the  liquor.  Iron  may  be  detected 
also  by  adding  a  la^  excess  of  caustic  potash  to  the  solution, 
and  boiling  the  whole ;  the  peroxide  of  iron  will  then  fall  down 
in  the  form  of  an  insoluble  reddiah-hrown  precipitate. 

It  should  be  ohserred,  that  at  first  the  addition  of  potash  to  the 
solution  produces  a  bulky  precipitate,  because  both  the  alumina  and 
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A  concentrated  solution  of  alum  in  boiling  water  deposits  octa- 
hedral crystals  on  cooling,  and  if  these  crystals  are  then  redissolved 
in  water  at  from  104^  to  120^  Fahr.,  adding  potash  until  the  pre- 
cipitate at  first  produced  by  this  reagent  is  no  longer  redissolved, 
by  filtering  and  crystallising  the  filtered  liquor  at  a  gentle  heat, 
alum  is  obtained  in  cubes  free  from  iron  and  perfectly  pure. 

AMLAJbOABCATBO  SZXiVBK.      See  GERMAN  SiLTER. 

AMTtlJ'R  (Bueein). — It  is  now  generally  admitted  that  amber 
ia  a  fossil  substance  of  vegetable  origin,  formerly  in  the  state  of  a 
balsam  or  resin,  dissolved  in  a  natural  volatile  oil,  and  similar  to 
the  resins  which  exude  firom  several  of  our  trees. 

Amber,  as  found  in  nature,  is  in  translucid  lumps,  sometimes 
colourless,  but  more  generally  of  a  light  yellow,  and  occasionally 
of  a  dark  brown  or  of  a  milk-white  colour,  and  opaque.  It  is 
harder  than  all  other  resins,  and  is  capable  of  receiving  a  fine 
polish,  on  which  account  it  is  often  employed  for  ornamental 
purposes. 

When  amber  is  in  small  fragments,  which  is  most  generally 
the  case,  especially  with  that  which  is  employed  for  making 
varnish,  and  for  preparing  succinic  acid,  it  is  often  adulterated  or 
mixed  with  small  pieces  of  reein,  copal,  or  anime.  This  admix- 
ture, however,  may  be  recognised  by  a  careful  examination  of  the 
article,  because  the  pieces  of  resin  copal,  and  of  resin  anime,  have 
a  different  appearance  and  fracture.  The  suspected  pieces  should 
be  selected  out,  and  if  they  be  thrown  upon  red-hot  iron  it  will 
be  observed  that  they  will  not  emit  the  peculiar  odour  of  amber, 
whilst,  on  the  other  hand,  the  resin  will  fuse  and  fall  into  drops, 
which  is  not  the  case  with  amber. 

AMBBR-OSBAAB  (Amberyla,  Grey  Amber). — Ambergris 
is  a  solid,  opaque,  uneven,  fatty,  and  inflammable  mass,  of  a  light 
grey  colour,  of  a  darker  hue  externally  than  internally,  variegated 
with  yellow  or  reddish  streaks. 

Ambergris  softens  like  wax  by  the  heat  of  the  hand,  and  emits 
a  slight  but  agreeable  odour  when  heated.  Ambergris  has 
scarcely  any  other  use  than  in  perfumery. 

It  is  now  generally  admitted  that  this  substance  is  a  morbid 
concretion,  analogous  to  the  biliary  calculi,  formed  in  the  stomach 
or  intestines  of  the  spermaceti-whale.  Its  composition  is  very 
simple ;  it  consists  almost  entirely  of  a  non-saponificeable  grease 
analagous  to  cholesterine,  and  mixed  with  a  poition  of  the  excre- 
ments of  the  animal. 

Great  care  is  requisite  in  purchasing  this  substance,  because 
it  is  easily  imitated  by  a  mixture  of  several  gums  and  other  drugs. 
The  criterion  of  genuine  ambergria  is,  that  it  may  be  easily  per- 
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fonted  by  a  heated  needle,  Bud  on  withdrawuig  it,  not  only  aliould 
the  odour  of  ftmbetgris  be  immediately  evolved,  bat  the  needle 
should  come  ont  cleui  without  ftnj^bin^^  vhataver  ndbemg  to  it. 

Ambergris  should  be  chosen  in  large  pieces,  externallj  of  a 
uuifonn  grej  colour,  intemaUj  of  a  lighter  shade  of  gre;  with 
little  black  specks,  and  of  an  agreeable  odour. 

The  speci&c  gravity  of  ambergris  is  from  0-908  to  0*92.  The 
analysis  of  ambei^ris  gives  tbe  following  results : — 

Peculiar  gresse  (ambreine)  .         .         .         ■       85" 

Balsamic  matter,  of  a  sweet  addulous  taste, 
soluble  in  alcohol  and  in  water,  probably  con- 

taiaing  benzoic  acid 2'S 

Matter  soluble  in  water,  benioic  add,  and  chlo- 

ide  of  sodium I'j 

ABKBEOWX&  (•plrtta  Of  Rartabon,  VolBtUe  Albdl,  U- 

4iior  Ammonlee). — Ammonia  is  a  colourleas  gas,  permanently 
elastic,  at  ordinary  temperatures,  very  soluble  in  water.  The  usual 
State  in  which  it  is  employed  is  in  aqueous  soludou,  which,  when 
saturated,  has  a  specific  gravity  nf  0-875.  One  of  the  ways  of 
ascertaining  the  quantity  of  real  ammonia  contained  in  the  aqueous 
pnliitiriii  i?  bv  Idkinj  ils  ?pocific  prnvity,  eilhcr  bv  moHtis  of  the 
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Strtagti  of  Saiuiiim*  of  Amvumia  al  57"  /*.— (CAknra.) 
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The  real  qoandtj  of  ammonia  contained  in  its  solutions  can 
also  be  ascertaiDed  bj  its  saturatinjf  powei,  in  the  manner  de- 
scribed in  the  article  on  Alkalimetry. 

Pure  solutdoD  of  ammonia  should  be  as  limjud  as  water;  if  it 
bave  the  slightest  brownish  hue  it  is  a  tagn  of  the  presence  of 
organic  substances.  The  solution  of  pure  ammonia  should  also 
evaporate  entirelj  wben  heated,  though  ordinarilj  a  amall  car- 
bonaceous residue  is  left ;  but  it  should  always  be  very  alight. 

The  presence  of  the  empyreumatic  oil  by  which  the  equeoas 
solution  of  ammonia  is  often  contaminated,  may  generally  be 
detected  by  the  odour,  which  may  be  immediately  rendered  per- 
ceptible by  rubbing  a  little  of  the  ammonia  in  the  palm  of  the 
band,  and  when  evaporated,  the  film  of  empyreumatic  oil  which 
remaiDS  m  the  hand  evolves  the  characteristic  odour. 

If  the  proportion  of  empyreumatic  oil,  or  of  organic  matter,  is 
at  all  considerable,  its  presence  may  also  be  detected  by  adding  a 
large  excess  of  concentrated  sulphuric  acid,  which  should  be 
poured  in  the  ammonia  with  great  caution,  and  only  one  drop  at 
a  time.  The  acid,  by  chairing  the  orgaiiic  matter,  imparte  a  black 
hue  to  the  liquor. 

The  liquor  ammonife  of  commerce  contune  sometimes  tal 
ammomae,  ndphate  of  ammonium,  carboaaU  of  ammonium,  chloride 
cf  eaktam,  and  sometimes  also  traces  oi  protoxide  of  oi>pptr,  01  of 
peroxide  of  tin,  which  may  interfere  with  certain  delicate  opero- 
dons.    These  impurities  may  be  detected  as  follo-ws : — 

A  certain  quantity  of  the  ammonia  under  examination  should 
be  first  supersaturated  with  pure  nitric  acid,  and  a  portion  thereof 
is  then  tested  by  nitrate  of  silver.  Ifa  white  precipitate  is  thereby 
produced,  which  immediately  disappears  on  Bupersaturating  it  with 
ammonia,  it  is  chloride  of  diver,  and  is  a  ngn  that  the  ammonia 
is  contaminated  by  sol  ammoniac. 
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If  to  Miother  portion  of  the  ammonia,  HuperMtunt«d  bj  pure 
nitric  acid,  an  addition  of  Bolution  of  nitnte  of  barium  produce 
B  white  precipitate,  it  ia  sulpliata  of  barium ;  and,  consequently, 
sulphuric  add  or  a  soluble  sulphate  is  present. 

If  a  solution  of  ammonium  contain  earhonaU  of  ommomum, 
which  is  alwBjB  the  cuse  when  it  hRs  been  kept  for  some  time  in 
bottles  not  carefullj  stoppered,  it  is  detected  bj  pouring-  into  it  a 
solution  of  chloride  of  cxlcium,  oi  of  barium,  or  else  lime-water, 
in  which  esse  a  turbidnees  or  a  precipitate  will  be  prodnced, 
owing  to  the  formation  of  carbonate  of  calcium  or  of  barium.  If 
chloride  of  barium  be  used,  it  ie  of  couth  necessaiy  to  ascertain 
that  sulphuric  add  is  absent  before  the  operator  can  conclude  that 
CBrbooata  of  ammonium  is  present. 

If  the  ammonia  under  examination  contain  any  chloride  of 
calcium,  the  addition  of  a  solution  of  oxalic  acid  will  render  it 
turbid,  OT  even  produce  a  precipitate  if  the  quantity  of  lime  is  at 
all  large.  Moreover,  if  a  portion  of  the  liquor  of  ammonia  be 
eTsporated,  a  residue  will  then  be  left  Pure  ammonia  is  not 
rendered  turbid  by  oxalic  s^d. 

Traces  of  oxide  of  copper  are  at  once  detected  by  the  blue 
colour  of  the  ammonia  liquor;  if,  however,  the  quantity  of  copper 
is  tiio  small  toimpart  a  blue  colour  to  the  liquor,  its  presence  may 
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earbonate  of  ammonium  under  examination  should  be  dissolved  in 
water,  and  the  solution,  being  tested  by  nitrate  of  silver,  will 
then  produce  a  white  turbidness  or  precipitate,  according  to  the 
amount  of  the  chloride  present. 

If  sesquicarbonate  of  ammonium  be  contaminated  by  sulphate  of 
ammatnumj  an  addition  of  nitrate  of  barium  to  the  aqueous  solu- 
tion of  the  salt  previously  supersaturated  with  nitric  acid,  will 
produce  a  precipitate  of  sulphate  of  barium. 

As  these  impurities  exist  generally  in  exceedingly  small  quan- 
tities only,  their  amount  is  best  estimated  by  means  of  test- 
liquors  of  nitrate  of  silver,  or  of  barium,  of  a  known  strength. 
The  analytical  process  is  then  managed  exactly  as  was  described 
in  the  article  on  alkalimetry. 

When  sesquicarbonate  of  ammonium  is  contaminated  by  empy^ 
rewnatic  oil,  it  leaves  a  small  carbonaceous  residuum  after  igni- 
tion, and  its  solution  in  dilute  acid  is  brown  or  even  black. 

As  sesquicarbonate  of  anmionium,  when  left  exposed  to  the 
air,  becomes  gradually  converted  into  bicarbonate  of  ammonium, 
a  little  of  the  latter  salt  is  always  present. 

Pure  sesquicarbonate  of  ammonium  is  translucid  and  colourless. 

AMM O Ji lUM  caOiOSZIIB  (Sal  AmmonJao,  Mvriate  of 
Ammonia,  Bjdroolilorato  of  Ammonia,  cniloride  of  Am- 
moninm). — Sal  ammoniac  is  met  with  in  commerce  in  the  shape 
of  colourless,  translucent  cakes,  concave  on  one  side,  and  convex  ^n 
the  other ;  or  in  conical,  crystalline,  and  white  masses,  hard  and 
somewhat  elastic,  and,  consequently,  difficult  to  pulverize ;  this 
salt  is  inodorous,  but  has  a  bitter  and  acrid  taste.  When  pure,  it 
crystallizes  from  its  solution  in  octahedral,  cubic,  and  plumose 
crystals.  Its  specific  gravity  is  1*46.  It  is  inalterable,  or  very 
slightly  deliquescent  in  the  air ;  soluble  in  three  parts  of  cold,  and 
in  about  its  own  weight  of  boiling  water;  it  is  completely  soluble 
in  alcohol.  In  dissolving  in  water  it  produces  cold ;  it  is  fused 
and  volatilized  without  decomposition  by  heat 

Sal  ammoniac  generally  contains  but  few  impurities,  which 
consiat  principally  of  a  little  sulphate  of  ammonium,  chloride  of 
sodium  (common  salt),  sulphate  of  sodium,  and  sulphate  of  magne- 
siwn.  Sometimes,  also,  it  contains  some  iron  or  lead ;  the  first 
substance  is  derived  from  the  volatilization  of  a  little  chloride  of 
iron,  with  which  it  combines  to  form  a  double  chloride  of  iron 
and  of  ammonium.  The  second  substance  (the  lead)  comes  from 
the  contact  of  the  cake  of  sal  ammoniac  with  the  lead  dome  or 
cover,  against  the  sides  of  which  it  gradually  condenses. 

Stifyhate  of  amtnonium  is  detected  by  dissolving  a  portion  of 
the  aal  ammoniac  in  pure  water,  and  testing  the  solution  with  one 
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of  chloride  of  barium,  wbioh,  if  aulphnte  of  ammoDiam,  or  aoy 
other  soluble  sulphate  be  preaent,  TiU  produce  a  white  precipitate 
of  sulphate  of  barium. 

The  other  impurities  are  eaml^  detected,  because  thej  are 
fijed,  and  therefore,  by  heating  a  portion  of  the  sal  ammoDiac 
to  Kdaess  in  ft  plaiinum  cradble,  the  impurities  will  be  left 
behind. 

If  it  were  deared  to  identify  the  presence  of  iron  and  of 
lead,  it  maj  be  done  by  diaaoWiDg  a  portion  of  the  sal  ammoniso 
in  water,  and  dividing  it  into  two  portioDS,  to  one  of  which  a  little 
nitric  acid  is  first  added  ;  and  if  by  pouring  a  drop  or  two  of  fer- 
rocyanide  of  potassium,  a  blue  precipitate  is  produced,  it  indicates 
the  presence  of  iron.  The  presence  of  lead  is  detected  hy  passing 
a  current  of  sulphuretted  hydrogen  through  the  second  portion, 
which  produces  a  black  precipitate  of  sulphuret  of  lead. 

The  aqueous  solution  of  pure  sal  ammoniac  should  haye  no 
action  whnteTar  upon  test-papers ;  it  should  not  be  precifutated  or 
discoloured  by  eitiier  sulphuretted  hydrogen  or  hydroaulphuret  of 
ammonia,  nor  by  asolution  of  phosphate  of  sodium  and  ammonium. 
It  should  completely  volatilize  by  ignition,  and  if  before  the  com- 
plet«  volatilization  of  the  salt  an  abundant  residuum  of  charcoal 
be  observed,  it  is  a  proof  of  the  presence  of  oi^aoic  matter. 

AWOTTO     (Aunano,    Arootto,    Kocon'). — Ani 


ANTIMONT.  3 1 

The  best  way  of  detecting  the  presence  of  lead  in  annotto  is 
to  heat  a  portion  upon  charcoal  in  the  reducing  flame  of  the  blow- 
pipe, by  which  means  a  bead  of  metallic  lead  may  be  obtained. 
The  proportion  of  ochre  present  can  be  determined  with  sufficient 
accuracy  by  indnemting  a  given  weight  of  the  sample,  washing 
the  residuum  with  water,  drying,  and  weighing. 

The  composition  of  annotto  is — 

Annotto  mixed  with  colouring  matter      .        .  28 

Coloured  extract 20 

Gum 26 

Woody  fibre,  mixed  with  an  acid  and  an  aro- 
matic substance 20 
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'. — ^This  is  a  brittle  metal,  which  is  easily 
oxidized  by  nitric  acid,  but  not  dissolved  by  it,  all  the  degrees  of 
oxidation  of  the  metal  being  insoluble  in  nitric  acid.  The  best 
solvent  of  antimony  is  aqiia  reffia,  which  dissolves  it  completely 
with  the  aid  of  heat ;  but  when  it  contains  much  lead,  the  solution 
deposits  spangles. 

Commercial  antimony  commonly  contains  arsenicj  tron,  and 
often  small  quantities  of  copper  and  lead. 

Detection  of  Anenic  m  Antimony, — One  of  the  best  methods 
consists  in  pulverizing  the  suspected  metal,  mixing  it  with  about  its 
own  weight  of  tartrate  of  potassium,  and  submitting  the  mixture 
to  a  red  heat  in  a  covered  crucible  for  about  three  hours.  When 
cold,  the  crucible  must  be  broken,  and  the  metallic  button 
10  put  in  a  bottle  provided  with  a 
cork  fitting  air-tight,  perforated  with 
two  holes,  into  one  of  which  a  small 
funnel  is  fitted :  the  second  hole  has  a 
tube  with  a  bulb,  and  is  drawn  to  a 
point  at  a.  Water  is  then  poured  into 
the  bottle  through  the  funnel,  when  a 
disengagement  of  hydrogen  takes  place, 
because  the  alloy  in  the  bottle  decom- 
poses the  water.  If  the  antimony 
contained  no  arsenic,  the  hydrogen  dis- 
engaged is  pure ;  but  if  the  least  trace  of 
arsenic  is  present,  the  hydrogen  escap- 
ing at  a  has  a  characteristic  aliaceous  odour ;  the  arsenic  may  be 
rendered  visible  by  inflaming  the  gas  at  the  point  of  the  drawn 
tube  a  and  depressing  the  flame  with  a  china  plate,  or  a  piece  of 
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mica;  apota  of  metallic  arsenic  will  be  obeeired  thereon,  which 
shouM  be  completely  eoluble  ia  a  solution  of  cAioride  of  lime. 
The  disengagement  of  the  gas  ahould  take  place  under  the  hood 
of  a  chimney  with  a  Rood  draught,  or  in  the  open  air,  but  not 
in  the  laboratoiyorroom,  arseniuretted  hjdrogen  being  an  exceed- 
ingly poisonouH  gas. 

Lead,  if  the  antimony  under  examination  contain  any,  nay  be 
eaaily  detected  by  treating  a  given  quantity  of  the  metal,  previously 
pulverized,  by  a  Buffident  quantity  of  hot  nitric  acid,  which 
diesolvea  the  lead,  but  leavea  the  antimony  in  a  state  of  a  whit« 
powder,  which  is  seaquioxide  of  antimony.  The  aupemataat 
liquor  should  then  be  cnrefully  decanted,  and  the  reaiduum  being 
washed,  dried,  and  ignited,  may  then  be  weighed.  The  filtered 
liquor  which  cont^ns  the  lead  in  the  state  of  nitrate,  may  next  be 
evaporated  to  diyness ;  tbedry  reaiduum,  beingredissolved  in  water, 
must  now  be  converted  mto  sulphate  of  lead  by  pouring  a  solution 
of  sulphate  of  sodium  into  the  liquor.  The  white  preci^tate  of 
sulphate  of  lead,  being  washed,  dried,  and  ignited  (without  the 
filter)  in  a  tbin  porcei^n  erudbla,  is  then  weighed — 152  of 
sulphate  of  lead  contun  104  of  lead ;  or  each  grain  of  sulphate  of 
lead  contains  0*68287  of  lead. 

Tlie  presence  of  iron  in  antimony  ia  detected  by  finely  pul- 
vtrizin^  a  pniall  portion  of  tlie  mBtal,  and  then  treatini;-  it  by  aqua 
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of  fenocjanide  of  potassiuni;  Tvliich  will  produce  a  blue  pre* 
cipitate,  or  bj  aupersaturating  it  witb  ammonia,  and  then  adding 
bydrosolpburet  of  ammonia,  which  will  produce  a  black  precipitate, 
if  iron  be  present.  Tincture  of  galls  may  also  be  used  as  a  test  for 
iron,  but  ike  free  acid  should  first  be  neutralized  by  ammonia  or 
some  other  alkali. 

The  presence  of  sulphur  may  bo  detected  by  testing  the 
solution  in  aqua  regia,  by  a  solution  of  chloride  of  barium,  or  of 
nitrate  of  barium,  which  will  produce  a  white  precipitate  of 
sulphate  of  barium,  insoluble  in  rooter  and  in  acids.  If  the  pro- 
portion of  sulphur  be  considerable,  it  agglomerates  in  yellow 
lumps  whilst  boiling  the  metal  in  aqua  regia.  These  yellow 
lumps  may  be  readily  identified  as  sulphur,  by  inflaming  them 
upon  a  strip  of  platinum,  when  they  will  bum  with  a  blue  flame, 
and  with  the  characteristic  odour  of  sulphurous  acid  (the  odour  of 
burning  brimstone). 

JkMiojm  of  Antimonj  and  Tin. — The  separation  of  these 
metals  (which,  as  the  alloy  is  employed  in  the  manufacture  of  a 
great  number  of  utensils,  may  be  sometimes  required)  is  attended 
with  difficulty. 

The  following  method  was  proposed  by  Rose  : — Strong  nitric 
add  is  cautiously  poured  upon  the  alloy,  and  when  the  yiolent 
action  has  ceased  the  whole  is  evaporated  at  a  gentle  heat,  and 
the  dry  powder  of  the  oxides  fused  in  a  silver  crucible  over  an 
argand  lamp,  with  an  excess  of  hydrate  of  soda.  The  fused  mass 
is  softened  with  a  large  quantity  of  water,  gently  wanned,  and  the 
antimoniate  of  sodium  allowed  to  subside.  When  perfectly  cold, 
the  clear  solution  is  passed  through  a  filter ;  if  this  be  done  while 
it  is  still  warm,  the  solution  will  contain  some  antimoniate  of 
sodium.  The  insoluble  salt  is  again  treated  once  or  twice  with 
water,,  allowed  to  settle  and  cool,  and  the  liquid,  when  perfectly 
clear,  passed  through  the  filter.  When  the  whole  of  the  stonnate 
of  sodium  has  been  dissolved  in  this  manner,  the  liquid,  which  has 
been  warmed  with  the  antimoniate  of  sodium,  remains  opalescent ; 
it  must  not  be  poured  on  the  filter,  as  it  would  pass  through 
turbid.  A  small  quantity  of  a  dilute  solution  of  carbonate  of 
sodium  may  be  added  to  it,  which  renders  it  clear;  but  the 
edolooration  must  not  be  continued  for  any  length  of  time,  as 
otherwise  some  antimoniate  would  be  dissolved. 

The  moist  antimoniate  of  sodium  is  now  treated  in  a  beaker 
with  a  mixture  of  hydrochloric  and  tartaric  acids,  in  which  it 
readily  dissolves ;  and  the  filter,  on  which  mere  traces  of  the  salt 
should  have  collected,  is  washed  with  the  same  mixture.  The 
antimony  is  then  precipitated  from  the  solution  by  sulphuretted 
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bfdrogen,  nnd  the  unount  of  (uitimoD;  estitnated  &om  Oxo 
quADlity  of  Bulpbide  obtained.  The  sulphide  of  uitimoiij  ia 
reduced  by  hjdnigen  in  b  porceliUD  crucible,  through  the  lid  of 
irhich  a  thin  porcelfun  tube  possea.  A  gentle  heat  ia  carefully 
applied,  uutil  the  crucible  no  longer  decreaaes  in  weight  After 
the  reduction  the  inner  side  of  the  lid  ia  coated  with  metallic 
antimoDj,  which,  however,  in  no  way  interferea  with  the 
aocnnicj  of  the  experiment. 

The  solution  of  stannate  of  eodiam  is  addified  with  hydro- 
chloric acid.  It  is  not  necessBiy  to  add  so  much  add  that  the 
whole  of  the  elinunated  oxide  of  tin  ia  again  redisaolved ;  it  ia 
meielj  necessary  that  the  solution  should  strongly  redden  blue 
litmus  paper.  Upon  this  sulphuretted  hydrogen  is  passed  into  it. 
The  sulphide  of  tin  ia  converted  by  roasting  into  oxide  of  tin. 
When  it  haa  been  dried  it  frequently  decrepitates,  by  which,  if 
care  be  not  taken,  a  very  considerable  loss  may  be  occasioned.  It 
is  on  this  account  preferred  to  place  it  with  the  filter,  while  still 
moist,  in  a  porcelun  crudble,  and  to  heat  it  for  a  long  time  reiy 
gently,  and  with  access  of  ur,  in  order  to  expel  the  sulphur  at  tha 
lowest  possible  t«mperBtuie.  If  a  strong  heat  be  given  at  the 
commencement,  white  fumes  of  oxide  escape,  espedally  when  the 
air  has  free  access.  The  higher  oxide  of  tin  has  the  property  of 
subliminjr   Biimiiwliat   :ti  cntnin  Ipmjii'r. 


ANTIMONY.  35 

AUo j«  of  AwtlmoBy,  Tlii»  and  &ead. — TooKSY  availB  him- 
self of  the  volatility  of  the  chlorides  of  tin  and  antimony,  and  the 
fixity  of  chloride  of  lead,  to  effect  a  separation  of  the  metals  in 
this  alloy.  For  this  purpose  lo  grains  are  introduced  into  a  bulb 
expanded  in  the  middle  of  a  piece  of  hard  combustion-tube^ 
having  ingress  and  egress  tubes  bent  at  angles  of  45  degrees,  but 
in  opposite  directions,  one  pointing  upwards  for  introducing  the 
alloy,  and  the  other  downwards  for  collecting  the  volatile  products 
in  water.  Sufficient  nitric  acid  having  been  poured  on  the  alloy, 
the  funnel-tube  is  closed  with  a  cork,  and  the  oxidation  effected 
at  a  moderate  temperature.  Wben  it  is  converted  into  a  perfectly 
white  mass  the  excess  of  acid  is  expelled  by  causing  a  gentle 
current  of  air  to  traverse  the  apparatus,  a  moderate  heat  being  at 
the  same  time  applied.  A  current  of  dry  hydrochloric  add  gas  is 
then  transmitted  slowly  through  the  tube,  the  downward  egress 
end  being  immersed  in  a  small  quantity  of  water.  When  the  mass 
becomes  liquid  firom  the  absorption  of  gas,  a  gentle  heat  is  applied, 
the  chlorides  of  antimony  and  tin  distil  over,  and  are  condensed  in 
the  water,  chloride  of  lead  remaining.  When  the  distillation  is 
nearly  finished,  a  greater  heat  is  applied  to  expel  the  last  traces 
•of  bichloride  of  tin ;  and  lastly,  the  chloride  of  lead,  now  perfectly 
free  firom  tin  and  antimony,  is  heated  to  fusion ;  it  is  then  removed 
from  the  tube  and  converted  into  sulphate,  in  which  state  it  is 
weighed.  The  tin  and  antimony  in  the  distillate  are  separated  by 
iron,  as  above  described* 

The  following  are  the  principal  alloys  of  antimony : — 

1.  Type  meUdf  the  best  description  of  which  contains  lead  2 
parts,  tin  i  part,  antimony  i  part 

2.  Britannia  tndal,  which  consbts  of  equal  parts  of  brass, 
^mtiniony^  tm,  bismuth,  and  lead. 

3.  Superior  pewter,  consisting  of  tin  12  parts,  antimony  1  part, 
4Uid  a  small  quantity  of  copper. 

Analysis  of  Britannia  metal, — The  antimony  and  tin  are  separated 
as  directed  above ;  an  excess  of  solution  of  carbonate  of  ammonium 
is  then  added  to  the  filtrate,  by  which  oxide  of  bismuth  is 
precipitated,  oxide  of  copper  remaining  in  solution.  The  whole 
most  be  left  at  rest  for  some  time  in  a  warm  place,  in  order  that 
the  oxide  of  bismuth  may  completely  settie  -,  it  is  then  collected 
<m  a  filter  and  washed  with  water,  containing  some  carbonate  of 
ammonium,  until  all  the  copper  is  eliminated.  It  is  then  dried, 
ignited,  and  weighed:  80  grains  of  oxide  of  bismuth  contdn 
72  of  Insmuth.  The  excess  of  carbonate  of  ammonium  should 
next  be  volatilized  by  evaporation,  and  after  adding  a  small  quantity 
of  pure  ammonia,  the  oxide  of  copper  is  precipitated  by  solution. 
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of  potash,  well  boiled,  then  collected  on  a  filter,  tati  wEithed  with 
hot  wftter  thoroughly,  then  dried  and  weighed.  loo  graiiiB  oT 
oxide  of  copper  »  80  graina  of  copper. 

More  accurate  reaulta  are  obtained  by  first  adding  carbonate  of 
sodium  in  alight  excess  to  the  solution,  then  precipitating  the 
bismuth  by  heating  with  cyanide  of  potassium. 

UjUfhiAe  at AnOntoa J  {aniimoniunt  crudum:  crvde  antimonji), 
— The  sulphide  of  antimony  of  commerce  is  in  masses  which  conust 
of  shining  crystalline  needles  of  a  deep  steel  grey  colour,  which  soil 
paper,  and  which  yield  a  black  powder  by  trituration,  in  which 
state  it  is  often  sold.  The  specific  grarity  of  sulphide  of  anti- 
mony is  4-5  or  462.  Heated  in  the  air  it  fuses  with  the  greatest 
fadlity,  and  diseng^^a  sulphurous  add,  but  if  heated  out  of  the 
contact  of  the  air  it  does  not  undergo  decomposition.  It  ia 
insoluble  in  water,  soluble  in  hydrochloric  add  with  disengage- 
ment of  aulphuretted  hydrogen. 

Sulphide  of  antimony  is  often  contaminated  by  stJphide  of 
wwi,  of  lead,  of  copper,  of  arsenic. 

The  presence  of  these  impurities  may  he  detected  in  the 
following  manner ; — If  the  sample  be  not  already  in  powder,  it 
should  be  pulverized  and  boiled  in  aqua  regia,  until  the  sulphur 
separates  in  lumps  of  a  perfectly  yellow  colour;  the  solution  is 
filtered  into  a  flask,  and  when  cold  an  excess  of  ammonia  is  then 
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flolation  should  be  dilated  with  water,  and  boiled  with  an  excess 
•of  acetic  acid^  which  will  re-precipitate  both  sulphides  mixed 
with  sulphur.  The  precipitate  so  produced  by  acetic  acid  should 
be  collected  on  a  filter,  and  mixed  with  three  times  its  bulk  of  a 
mixture  of  equal  parts  of  nitrate  of  potassium  and  of  carbonate  of 
sodium,  and  dried  at  a  gentle  heat.  Another  portion  of  the  same 
mixture  of  nitr.ite  of  potassium  and  of  carbonate  of  sodium  is  then 
to  be  fused  in  a  porcelain  crucible,  and  whilst  in  a  state  of  fusion 
(over  an  argand  spirit  lamp,  or  over  any  gas-lamp)  mixed  with 
nitrate  of  potassium  and  carbonate  of  sodium,  dried,  and  then 
cautiously  projected  in  the  porcelain  crucible  in  small  portions 
at  a  time.  The  fused  mass  in  the  crucible  should  then  be  treated 
by  boiling  water,  filtered,  and  slightly  supersaturated  with  nitric 
•acid  and  boiled.  The  liquor  is  then  tested  by  solution  of  nitrate 
of  silver,  and  a  small  quantity  of  dilute  ammonia  is  then  added ; 
if  this  produces  a  light  brown  precipitate,  it  is  a  basic  arseniate 
of  silver,  very  soluble  in  nitric  acid  and  in  ammonia. 

The  ore  of  sulphide  of  antimony,  from  which  the  crude  anti- 
mony is  extracted,  is  generally  contained  in  a  gangue  or  matrix  of 
quartz,  of  sulphate  of  barium,  and  of  iron  pyrites. 

A  sulphide  of  antimony,  known  under  the  name  of  gkw  of 
antimony^  is  imported  from  Germany  and  Holland,  which 
contains  silica^  and  is  often  adulterated  with  oxide  of  lead.  This 
fraud  is  detected  by  reducing  the  glass  into  fine  powder,  pouring 
nitric  acid  upon  it,  and  heating  the  whole.  The  solution  is  then 
filtered,  and  the  filtrate  is  tested  with  a  solution  of  sulphate  of 
aodium,  which  will  produce  a  precipitate  of  sulphate  of  lead,  if 
that  metal  is  present  The  precipitated  sulphate  of  lead  ia 
i^Uected  on  a  filter,  washed  with  water,  acidified  with  sulphuric 
add,  dried,  and  then  ignited.  If  no  organic  matter  be  present,  and 
provided  the  filter  containing  the  sulphate  of  lead  has  been  burnt 
separately,  and  the  ashes  added  to  the  sulphate  of  lead  produced, 
its  ignition  may  be  performed  in  a  platinum  crucible ;  but  if  any 
portion  of  the  filter  is  mixed  with  the  precipitate,  or  if  it  contains 
4uiy  organic  matter,  a  porcelain  crucible  must  be  used,  for  other- 
wise a  portion  of  the  sulphate  of  lead  might  be  reduced  to  the 
metallic  state,  which  would  unavoidably  damage  the  platinum 
crucible. 

Antimony  Trioxide  {antimomoua  acid), — It  is  obtained  by 
heating  trisulpldde  of  the  metal  with  strong  hydrochloric  acid 
until  sulphuretted  hydrogen  ceases  to  be  evolved )  the  solution  of 
trichloride  thus  obtained  is  decomposed  by  boiling  with  solution  of 
•carbonate  of  sodium. 

When  dry  it  is  a  greyish-white  powder,  which  on  heating 
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becomes  yellow,  then  melts  into  a  yellowuli  liquid,  wbich  on 
cooling  solidifies  into  a  white  oTstnUine  nius.  At  a  higher 
temperature  it  Hublimeg  in  a  close  veaaeL  When  heated  in  tbe 
ur  it  is  paitlj'  conTerled  into  antimouic  add. 

Antiinonioiis  add  diasolvea  in  wnter,  though  verj  Bparingly; 
moie  freely  in  Htrong  hydrochhrie  arid.  It  is  insoluble  in  niiric 
oe^of  ordinary  strength,  but  dissolTes  in  cold /i«n»f  nitric  add, 
tlie  solution  depositing  pearly  scales  of  nitrate ;  tbe  solution,  in 
strong  hydrochloric  add,  becomes  turbid  on  the  addition  of  water. 
It  dissolves  in  boiling  solution  of  tartaric  add,  and  tbtj  easily  in 
a  solution  of  acid  tartrate  o/pctattium  (cream  of  tartar),  forming 
tartrate  of  antimony  and  potauium,  or  tartar  emetic. 

ABtlmcHi^  JUtunvboua  Trlanlplilile  (tnuuroj  karme$). — 
Ordinary  kermes,  containing  an  admiitore  of  antimonious  oxide, 
is  a  brown  red  loose  ponder,  becoming  dark  grey  when  boiled 
with  water.  It  is  converted  by  fusion  into  an  amorphous  slag- 
like  mass.  iWv  amorphous  liieulphide  of  antimony  may  ba 
obtiuned  by  keeping  the  grey  sulphide  for  some  time  in  a  state 
of  fuMon,  and  then  cooling  it  very  suddenly  by  throwing  the 
Teasel  in  which  it  has  been  melted  into  a  ]&rgei  quantity  of 
cold  water.  As  thus  obtained,  it  is  a  dense  fissured  mass, 
harder  than  the  native  sulphide,  having  a  conchoidal  fracture 
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of  tartar  emetic,  the  solution  of  which,  if  pure,  is  not  precipitated 
bj  that  salt 

The  absence  of  cream  of  tartar  in  tartar  emetic  may  be  demon- 
strated bj  completely  precipitating  a  solution  of  20  grains  of  the 
salt  bj  sulphuretted  hydrogen  gas.  The  weight  of  the  precipitate 
thus  obtained  should  be,  when  washed  and  collected  on  a  tared 
lilter,  9*91  grains. 

Antimonic  acidia  distinguished  from  antimonious  acid  by  its 
producing  no  precipitate  with  solution  of  trichloride  of  gold,  even 
in  the  presence  of  excess  of  potash,  and  by  its  forming  with 
nitrate  of  silver  a  w/iite  precipitate,  perfectly  soluble  in  ammonia. 
With  antimonious  acid  the  precipitate  with  the  same  reagent  is 
biack,  and  quite  insoluble  in  ammonia. 

AQVA  FORTX8.     See  NiTRIC  ACID. 
jmVI&A  JL&BA..     See  Calomel. 

AJr.    SeeOsBXAy  Silyeb. 

See  BlTABTRAIB  OF  PoiASSIUM. 

^-XOOT. — Arrow-root  is  a  fecula  which  has  a  great 
analogy  with  common  starch  and  with  potato-starch ;  but  these 
two  substances,  being  cheaper,  are  often  mixed  with  it.  This 
admixture,  however,  can  be  easily  detected,  if  at  all  large,  by  an 
attentive  examination  of  the  sample  with  the  naked  eye,  or  if  in 
less  considerable  quantity,  with  the  help  of  the  microscope. 

The  particles  of  potato-starch  are  of  an  irregular  form,  of 
various  sizes,  whilst  arrow-root  consists  of  particles  of  an  even 
size  and  of  an  ovoid  form,  their  surface  being  smooth  and  even. 
"With  respect  to  common  starch,  its  presence  may  be  detected 
because  it  consists  of  particles  of  a  larger  size  and  of  a  dull 
appearance  when  examined  through  the  microscope,  whilst  the 
particles  of  arrow-root  are  bright,  pearly,  and  finer.  The  admix- 
ture of  potato-starch  in  arrow-root  imparts  to  it  an  acrid,  earthy, 
unpleasant  flavour ;  but  this  is  by  no  means  a  test  to  be  depended 
upon,  because  badly  manufactured  arrow-root  acquires  sometimes 
an  unpleasant  flavour  from  the  resinous  matter  contained  in  the 
cuticle  of  the  plant  from  which  it  is  prepared,  and  which  no  sub- 
sequent stage  of  the  manufEU^ture  can  remove.  Yet  as  the  paste 
wMch  arrow-root  forms  with  water  is  inodorous,  whilst  that  made 
from  common  starch  and  from  potato-starch  has  a  peculiar 
odour,  the  presence  of  the  latter  may  thus  be  generally  distin- 
guished. 

The  best  method,  however,  of  detecting  the  spurious  article, 
consists  in  triturating  one  part  of  the  suspected  sample  with  i^ 
or  2  parts  of  concentrated  hydrochloric,  or  with  dilute  nitric  acid 
of  the  strength  of  common  aquafortis  (specific  gravity  I'lo),  which 
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■will  immediately  produce  ft  traneparent  jelly,  or  mucikge,  if  flour 
or  polato-atarch  be  present  i  but  if  the  arrow-root  is  pure,  the 
mucilage  produced  by  that  treatment  is  vhite  and  opaqae. 
Ground, rice,  however,  behaves  with  that  re-agent  exactly  lika 
anow-Tont,  from  which  it  con  be  distinguished  only  by  the 
microscope,  the  particleB  of  rice  haviag  a  shsip,  e^cuUr,  homy 
appearance,  which  can  hardly  be  miataken. 

Potato-atorch  may  be  also  eaaly  detected  by  mixing  the 
mupected  airow-root  with  hydrochloric  acid.  Genuine  airow-root 
ao  treated  gives  no  odour  whatever,  but  when  adulterated  with 
potato-starch  an  odour  reeemblin)^  that  of  beans  is  evolved, 

AXSSnOVS  ACIS  (Araanlo,  WUlte  Annilo,  VThlte 
Oxide  or  Araenlo). — The  substtmce,  commonly  known  under 
the  name  of  arsenic,  is  arsenious  acid.  It  is  a  white,  nacreous, 
opaque,  compact,  brittle  substance,  with  n  conchoidal  irocture, 
completely  volatiliinble  by  heat,  butwithoutenii'ttOi^  nny  odour  of 
garlic,  except  it  be  heated  in  contact  with  charcoal  or  other 
organic  matter  capable  of  redudng  it  into  metallic  arsenic,  the 
odour  of  garlic  belonging  to  the  fumea  of  metallic  arsenic.  Pol- 
Teri«ed  aieenioua  acid  is  a  white  powder. 

Arsenioua  acid  ia  most  virulently  poisonous;  its  best  solvent 
is  hydrochloric  acid,  but  it  is  also  spariugly  soluble  in  water. 
Solutiocs  of  alkalies  and  of  alkaline  carbonates  dissolve  Braenious 
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smell  and  other  properties  of  the  resin,  which  should  be  chosen 
clean,  fresh,  of  a  strong  odour,  and  of  a  reddish-brown  colour.  A 
gentle  heat,  even  the  warmth  of  the  hand,  is  sufficient  to  soften  asa 
foetida,  and  when  set  fire  to,  it  bums  viyidly  with  a  pure  white 
iiame,  like  camphor. 

This  gimi-resin  is  frequently  adulterated  with  gums  of  an 
inferior  price — ^with  chalk,  clay,  sand,  &c. ;  all  these  impurities 
may  be  detected  by  dissolving  a  given  weight  of  the  gum  in  a 
mixture  of  alcohol,  and  of  an  acid  or  an  alkali ;  the  impurities  are 
then  left  in  an  insoluble  state,  and  their  amount  may  be  determined 
by  weighing.  The  insoluble  portion  in  the  genuine  gum  should 
not  exceed  15  or  1 6  per  cent.  The  specific  gravity  of  asa  foetida 
is  1-327. 

See  Alkalimetbt. 

See  Nitric  Acid. 
See  Smalt. 
See  Copper  Ores. 
OPAZ8A.     See  CoPAIBA. 
See  Alkalimetry. 

See  Sapflower. 
. — The  two  kinds  of  malt  liquor  consumed  in  this 
country  are  Ale  and  Farter.  The  former  is  made  from  the  paler 
kinds  of  malt,  and  the  fermentation  of  the  wort  is  checked 
during  the  first  fermentation,  so  as  to  leave  a  considerable  quantity 
of  saccharine  matter  in  the  liquor,  which,  by  its  subsequent  con* 
Tcrsion  into  alcohol  and  carbonic  acid,  tends  to  keep  up  the  brisk- 
ness. 

Pede  Ale  is  beer  made  from  worts  extracted  from  the  palest 
malt,  and  boiled  with  the  palest  and  best  hops.  The  fermentation 
ia  kept  at  as  low  a  temperature  as  possible,  in  order  to  prevent  the 
formation  of  acetic  acid,  and  the  solution  of  the  yeast  by  the 
alcohol. 

Porter, — ^The  origin  of  the  name  of  this  favourite  beverage  is 
thus  stated  by  Muspratt  (*  Chemical  Dictionary  *) : — *  Previous  to 
the  year  1730  the  malt  liquors  principally  drunk  in  London  were 
fde^  beer  and  twopenny ;  and  it  was  usual  for  the  customers  to  call 
for  half-and-half,  that  is,  half  ale  and  half  beer,  half  ale  and  half 
twopenny,  or  half  of  beer  and  half  of  twopenny.  In  course  of 
time  it  also  became  the  practice  to  ask  for  a  pint  or  tankbord  of 
three  threads,  signifying  a  third  of  ale,  of  beer,  and  of  twopenny, 
and  thus  the  publican  had  the  trouble  of  going  to  three  casks  to 
get  the  mixture  required.  To  avoid  this  the  brewer  conceived 
the  idea  of  making  a  liquor  which  should  unite  the  flavours  of  the 
three ;  he  did  so,  and  called  it  entire  \  and  as  it  was  a  hearty  bever- 
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jige,  verj  suitable  foi  porters  uid  uthei  work-people,  it  was  giTen 
the  name  of  porter.' 

The  great  difference  between  porter  nnd  commoa  ale  ia 
derived  from  the  yariety  of  materials  worked  upon.  The  first 
employed  by  the  porter-brewer  is  composed  of  various  speraes  of 
malt  mixed  together  in  diSerent  proportions. 

The  amiexed  table  gives  a  view  of  these  mixtur^a : — 

Table  of  PorUr  GrUtt. 


Ko. 

DliKk 

Dronn 

Amur 

Pnlo 

ToUl 

I 

o 

0 

91 

100 

3 

30 

i 

"4 

24 

100 

s 

° 

9S 

" 

■00 

Of  these  preference  is  given  to  the  last  two,  as  being  tie 
fittest  for  preparing  a  good  porter ;  in  the  others  the  excess  of 
black  and  brown  malt  occnsions  too  much  carbonaceous  and  useless 
matter  in  them,  from  which  the  porter  acquires  a  disagreeable 
taste,  as  if  liquorice  and  umilsx  compounds  were  mixed  with  it 
Good   porter   bns   generally  the   followini^   characteristics :- 
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gredter  part  escapes  as  soon  as  the  bottle  is  opened.    The  strengUi 
of  the  frothiiig  will  ^ve  n  tsij  good  idea  of  its  lelatiTB  amount, 

Dtlermixtalion  of  the  Amount  of  Alcohol. — The  quantity  of  beer 
which  ia  found  in  practice  most  convenient  to  operate  upon  for 
this  purpoee  is /our  ounca  mcaBures;  this  quandtj  is  distilled  in  a 
somewhat  capadous  retort  combined  with  a  Libbi^'s  conductor  (or 
more  coQTemently  in  the  Phillifs'b  standard  revenue  still)  until 
three-fourths  of  the  liquid  are  drawn  over ;  the  distillate  is  then 
made  up  hj  distilled  vater  to  four  ounces,  and  the  specific  gravity 
taken  at  the  temperature  of  60°,  The  lower  the  gravity  the  larger 
will  be  the  proportion  of  alcohol,  the  percentAge  of  which  by 
Tolome  and  weight  ia  shown  in  the  following  Table: — 
Tadlb  of 
Specific  Gravitg  and  Strtngik  of  Spirilt. 
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Suppose  the  dutillate  obttuned  ^m  the  four  ounces  of  beer  to 
have  B  apeciflc  gnvitj  of  '99267,  then  according  to  the  Table  tha 
dutillate  would  contun  4*08  per  cent,  of  alcohol  b^  weight  or  5-1 
per  cent  bj  rolume. 

Another  method  of  detenuioing  the  unount  of  alcohol  in  beer, 
which  for  moat  practical  purposes  is  sufficiently  accurate,  is  to  cal- 
culate it  &om  the  difference  between  the  sped£c  gravity  of  the 
boiled  and  unboiled  beer.  The  beer  is  first  &eed  &om  csrbonic 
ftaid  b;  brisk  agitsUoQ  in  a  capadoua  flaak,  and  its  specific  gravity 
accurately  detemuoed)  it  is  then  boiled  briskly  for  some  lime  to 
drive  off  its  alcohol;  the  residue  after  cooling^is  diluted  with  water 
till  its  bulk  becomes  exactly  equal  to  the  origiual  volume  of  the 
beer :  it  ia  then  filtered,  if  necessary,  through  a  covered  filter,  and 
its  specific  gravity  likewise  determined. 

Exicmple. — Suppose  the  specific  gravity  of  the  unboiled  beer 
free  bom.  carbonic  acid  to  be  1-0250,  and,  after  boiling  and  dilut* 
tion  with  water,  to  be  increased  to  I '0320,  now  as  the  iptcific 
gracUy  of  the  utiioiied  beer  it  leie  than  that  of  the  boiied  beer,  tn  tht 
tame  proportion  at  the  tpecifio  gravily  of  tpuit  of  vnae  of  equal  atco^ 
holie  ttreagth  tj  Uu  than  that  of  teater,  the  specific  gravity  of  pun 
spirit  of  the  same  alcoholic  etrength  as  the  beer  will  be  to  that  of 
water  as  1*0320;  1-0250,  that  is  to  say,  it  will  be  '.^?- =0-9932; 
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dextrine,  aUmmmotis  matter^  imd  lupidinf  the  bitter  principle  of  the 
hop.  It  18  rarely  necessary  to  submit  it  to  analysis,  but  should 
this  be  required  it  may  be  rouf^hly  done  in  the  following  manner : — 
Dextrine  and  sugar  may  be  determined  by  moistening  the  dried 
xesidue  with  water  to  a  thin  syrup,  and  grctdually  adding  strong 
alcohol  as  long  as  dextrine  is  thereby  separated.  The  clear  eu^ar 
flolution  may  then  be  decanted,  and  the  dextrine  freed  from  the  re- 
maining sugar  by  repeated  solution  in  water  and  precipitation  by 
alcohoL  The  precipitated  dextrine  and  the  evaporated  sugar 
aolution  may  then  be  dried  and  weighed.  The  albuminous  matter 
may  be  estimated  from  a  separate  portion  of  the  beer  by  boiling  it 
80  as  to  coagulate  the  albumin,  collecting  the  precipitate  on  a  tared 
filter,  then  washing,  drying,  and  weighing  it.  Lastly,  the  sum  of 
the  weight  of  the  dextrine,  sugar  and  albuminous  matter,  deducted 
firom  the  total  weight  of  the  extract,  gives  the  lupuUn, 

The  Mineral  Constituents, — These  are  estimated  by  evaporating 
to  dryness  a  Imown  quantity  of  the  beer,  charring  the  residue  and 
then  igniting  it  in  a  muffle  at  a  low  red  heat.  They  consist  chiefly 
of  phosphates  of  calcium  and  magnesium :  common  salt,  which  is 
sometimes  added  to  beer,  will  be  foimd  in  the  ash.  Any  consider- 
able amount  of  alkaline  carbonate  may  be  attributed  to  alkali 
added  to  neutralise  the  beer. 

The  ash  of  beer  should  be  perfectly  white ;  if  coloured,  it  indi- 
cates the  addition  of  mineral  matter,  which  will  generally  prove  to 
be  sulphate  of  iron. 

The  following  Tables  (Watts's  'Dictionary  of  Chemistry')  ex- 
hibit the  composition  of  various  kinds  of  beer  and  the  percentage 
composition  of  the  ash. 

Table  A. 
Average  amount  of 'Malt  Extract  and  Alcohol  in  various  Jcindi  of 

BSBB. 


Name  of  Beer 
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per  cent,  of  alcohol  in  the  beer  corresponds  very  nearly  to  2  per 
cent  of  sugar  in  the  unfermented  wort.  But  as  the  wort  con- 
tains other  substances  differing  in  specific  gravity  from  sugar,  the 
determination  of  '  original  gravity '  can  only  be  efiected  by  special 
methods.  The  subject  has  engaged  the  attention  of  several 
chemists — of  Otto  and  Zenneck,  and  especially  of  Baxliko  of 
Prague ;  Dobson  and  Phillips,  of  the  Department  oT  Inland 
Hevenue;  and  more  recently  (1852)  of  Professors  Graham,  Hof- 
UAsrSf  and  Rbdwood,  who  were  instructed  by  the  Board  of  Inland 
Kevenue  to  re-investigate  and  report  on  the  matter  in  consequence 
of  '  the  accuracy  of  the  means  employed  in  the  department  for 
ascertaining  the  *^  original  gravities  "  of  beer  exported  on  draw* 
back  having  been  questioned  by  some  exporters.'  The  following 
is  the  substance  of  the  elaborate  Report. 

The  substances  contained  in  beer  wort,  in  addition  to  starch, 
fiugar  are — ist,  dertrine,  which  has  not  been  converted  into  sugar  in 
the  process  of  making.  2nd,  in  many  cases  canesitgar  the  use  of 
which  is  now  permitted  in  breweries.  3rd,  caramel  arising  either 
from  high  dried  malt  or  from  treacle  or  brown  sugar.  4th,  a  peculiar 
eaochaiine  substance  called  extractive,  5th,  azotised  or  atbuminoua 
matter  derived  from  the  grain.    6th,  alkaine  and  earthy  salts, 

TablbD. 

Specific  Gravities  of  Solutions  of  various  Sacchabine  Substances,  and 

ofPAUt  and  Bbown  Malt  containing  eqtuU  quantities  q/' Carbon. 
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1082-3 

1081-3 

10972 

1097-2 

225 

1111-4 

1106-7 

1095-8 

109 1 -0 

1109*0     1109*0 

250 

Of  these  substances  the  albuminous  matters  and  the  mineral 
salts  have  but  little  effect  on  the  comparative  densities  of  the 
-wort  before  and  after  fermentation ;  but  the  dextrine,  caramel  and 
extractive  maUer$,  all  gi?e  solutiona  of  less  specific  gravity  than  a 
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solution  of  atnrch-Biigar  contaimng  tha  same  qnantity  of  cnrboii, 
and  tberofore  CHpnble  of  jielditjg  an  equtJ  amount  of  alcohol. 
These  difTetencee  are  exhibited  ia  the  following  Talile,  from  which 
it  is  seen  that  if  an  unierraented  wort  coDtain  cane-sogBr  nnd  dex- 
trine, and  the  pTavitj  lost  by  fermentfttion  is  inferred  from  the 
quanUtj  of  alcohol  contained  in  the  beer  on  the  Bupposidon  that 
the  fermentable  matter  consisted  whollj  of  starch-sugBr,  the  esti- 
mated gravity  will  be  too  high ;  and,  on  the  other  hand,  the  con- 
version  of  a  portion  of  the  fermentable  sugar  into  imfermentable 
eztractiTe  matter  which  ^vea  a  solution  of  lower  specific  graTity 
for  the  same  amount  of  carbon,  will  cause  the  estimate  of  the  oii- 
^nal  gravity  to  come  out  too  low :  indeed  the  extractiTesabstaiica 
indicates  only  about  five-eixths  of  the  Baccharine  principle  from 
which  it  is  derived. 

To  obviate  these  difficulties  the  authors  of  the  Report  were 
led  to  propose,  for  the  determination  of  original  gravities,  a 
purely  empirical  method,  nhich  consisted  in  fermenting;  sola- 
tiona  of  cane-sngnr,  starch-sugar,  and  malt-extract  of  known 
original  gravity,  and  making,  at  ten  or  twelve  stages  of  the  pro- 
cess, the  tvfo  followin);  ohservfltiona  :  —  lat  Distillini;  a  con- 
venient quantity  (4  fluid  ounces)  of  the  fermented  liquor, 
dilutinf^  the  alcoholic  distillate  with  water  to  the  oricinal 
volume  of    the  liquid,  and   taking   its  specific  gravity.     This, 


BEBR. 


49 


the  eighth  line  of  the  Table,  and  in  the  column  headed  '4  is 
found  the  naniDer  35*9,  which  is  the  gravity  lost ;  and  this,  added 
to  the  extract  gniTitj,  gives  35*9+  1022*4=  1058*3  for  the  original 
gravity  of  tli«  wash. 

Tablb  E. 

(To  be  used  in  ascertaining  original  gravities  by  the  Distillatiok 

Pbocess.) 

Degrees  of  Spirit  Indication  with  corresponding  Degrees  of  Gravity 

lost  in  Malt  Woets. 


«»3  0 

B^rit 
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•0 

•x 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

0 

— 

•3 

•6 

•9 

Z-2 
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1-8 

2-1 

24 

27 

X 

30 

33 

37 

4*1 

4*4 

4-8 

51 

5  5 

5*9 

6-2 

2 

6-6 

70 

7*4 

7-8 

8-2 

8-6 

90 

9*4 

9-8 

ZO'2 

3 

Z07 

ZI'Z 

ziS 

12*0 

12-4 

X2'9 

133 

13*8 

14-2 

147 

4 

iS'i 

^S'S 

z6o 

16*4 

i6-8 

17*3 

177 

i8-2 

x8-6 

191 

5 

19s 

19-9 

204 

20 '9 

21*3 

2Z-8 

22 '2 

227 

23  I 

23 '6 

6 

24-1 

24*6 

250 

35-5 

26*0 

26*4 

26*9 

27-4 

27-8 

28-3 

7 

28*8 

29*2 

297 

302 

307 

31 '2 

317 

32-2 

337 

33*3 

8 

337 

34*3 

34*8 

35*4 

35*9 

36-5 

37*o 

37*5 

380 

386 

9 

39*1 

397 

40-2 

407 

41 -2 

417 

42'2 

427 

43*2 

437 

zo 

44a 

447 

4S'i 

45*6 

460 

465 

470 

47.5  1  48  0 

485 

zx 

49-0 

496 

SOI 

50*6 

SI -2 

517 

522 

527  :  53*3 

S3  8 

Z2 

54'3 

54*9 

55*4 

55 '9 

56-4 

569 

57  4 

57*9 

584 

589 

13 

59*6 

60*0 

60s 

611 

616 

62*2 

627 

63-3 

638 

64*3 

14 

64*8 

6s-4 

65-9 

66-.; 

671 

676 

68-2 

687 

693 

69*9 

IS 

70s 

"^ 

__ 

•^~ 

— ~~ 

■'■  ' 

—"" 

■ 

^^w 

"■  ■  ■ 

In  cases  where  the  distillation  of  the  beer  is  troublesome, 
the  original  gravity  may  be  arrived  at  in  another  way,  viz. : — ^The 
specific  gravity  of  the  beer,  deprived  by  agitation  of  carbonic  acid, 
is  first  taken.  It  is  then  boiled  in  a  flask  till  the  alcohol  is 
expelled,  then  diluted  to  its  original  volume,  and  the  specific 
gravity  again  taken.  The  first  result,  the  heer  gravity,  deducted 
from  tiie  second,  the  extract  gravi^,  is  spirit  indication :  thus  if 
beer,  before  boiling,  has  a  specific  gravity  of  1035*1,  and  after 
boiling  of  1044*7,  t^^  spirit  indication  is  10447  —  1035*  1=  9*6 
degrees. 

By  numerous  experiments,  in  which  the  beer  was  boiled  in  a 
retort,  and  the  alcoholic  distillate  collected  as  above,  it  was  found 
that  the  evaporation  method  (the  second)  gave  a  spirit  indication 
nearly  equal  to  that  resulting  from  the  first,  or  distillation  method, 
but  always  sensibly  less.  Thus  the  spirit  indication  of  a  par^ 
ticular  sample  was  by  the  first  method  9*9  degrees,  and  by  the 
second  metiiod  9*6  degrees.    These  experiments  were  made  in 
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liquids  of  known  otiginnl  gniritj,  and  thus  a  Kriee  of  determina- 
tioaa  were  obtwiied  oF  the  rtiation  between  the  spirit  Indication  as 
detenniDed  bj  the  evaporation  method,  and  the  deglMt  of  gravity 
lost.  The  general  reiult  of  the  iuquitj,  «a  applied  to  malt  worts^ 
are  given  in  Table  (D). 

Tahlb  F. 

(To  be  nsod  in  ascertaining  original  gcaTitiea  by  the  Etapobatiox 

Pbocbss.) 
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pure  water  uid  alcohol  represents  the  dilute  spirits  obtained  from 
the  same  l>eer  by  distillation.  Thus  the  results,  according  to  the 
Tables,  would  be — 

Degrees  of  spirit  indication        .        13*30  by  distillation 
„  ,f  y,       ,        ,        I2'g2  hj  evaporatio9i 

Difference        .        .        .  0*38 

It  thus  appears  that  alcohol  reduces  the  gravity  of  a  solution  of 
sugar  (or  we  may  suppose  infusion  of  malt)  not  quite  so  much 
(by  a  small  quantity)  as  it  reduces  the  gravity  of  water.  It  has 
been  believed  that  iJcohol  has  the  same  effect  upon  the  density  of 
saccharine  solution  as  upon  water,  in  which  case  the  spirit  indi- 
cations obtained  by  beer  by  the  evaporation  and  distHiation  methods 
should  necessarily  be  the  same,  but  from  a  series  of  experiments 
made  by  the  authors  of  the  Report  on  the  subject,  it  appears  that 
a  sensibly  greater  condensation  always  occurs  when  spirits  are 
mixed  with  saccharine  solutions  than  with  water. 

Notwithstanding,  then,  that  the  evaporation  process  is  the 
easiest  in  practice,  it  does  not  appear  to  admit  of  the  same  degree 
of  precision  as  the  distillation  process. 

Table  G. 
For  ascertaining  the  Value  of  the  Acetic  Acid. 


Hi 

Corresponding  D^rees  of  Spirit  Indication. 

•00 

•ox 

'oa 

•03 

*04 

•05       .06 

*o7 

•08 

•09 

•0 
•I 
•2 

•3 
•4 
•5 

•6 

•7 
•8 

•9 

I'O 

•14 
•27 

•39 
•52 
•65 
■77 
•90 
1*03 

115 
1-29 

•02 

•15 
•28 

•40 

•53 
•66 

•78 
•91 

ro4 
116 

131 

•04 

•17 
•29 

•42 
•55 
•67 
•80 

•93 

1-05 
118 

133 

•06 
•18 

•31 
•43 
•56 
•69 
•81 

•94 
ro7 
ri9 

^•35 

•07 
•19 

•32 
•44 

•57 
•70 
•82 

•95 
i^o8 

I -21 

1-36 

•08 

•21 

•33 
•46 

"59 

•71 
•84 

•97 
ro9 

I '22 

1*37 

•09 

•22 

•34 

•47 
•60 
•72 

•85 

•98 

I'lO 

I '23 

1-38 

•II 
•23 

•48 
•61 

•73 
•86 

•99 
I'll 

^•25 
1*40 

•12 

•24 

•37 

•49 
•62 

•75 
•87 

I'OO 

^•i3 
r26 

r4i 

•13 
•26 

•38 

•51 

•64 

•76 

•89 

1*02 

I  14 

1-28 

142 

Inflttence  of  Acetic  Acid  on  original  Gravity, — In  the  examina- 
tion of  fermented  liquids  the  acetic  acid  present  should  not  be 
overlooked,  as  the  influence  of  this  constituent  upon  the  original 
gravity  of  some  kinds  of  beer,  particularly  old  and  hard  beer,  is 
often  considerable.    There  is,  however,  a  certdn  amount  of  acid 
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present  in  all  bealtiij'  fermeatatioQ ;  uid  tlda,  in  the  ezpemnenta 
on  which  the  above  Tables  have  been  foondsd,  was  eetunatad  aa 
one  part  of  abtotuU  acetic  acid  in  one  Ounuand  parl$  of  vxni.  Anj 
exceas  of  add  beyond  this  should  he  aaoertained  fay  nentnUnDg 
the  beer  bj  an  alkaline  solution.  Sixty  parts  (one  equivalent)  of 
acetic  add  lepresents  foi^-as  part»  of  absolute  alcohol — a  pro- 
portion bj  which  the  weight  of  alcohol  which  baa  disappeared  in 
the  formation  of  acetic  acid  is  calculated.  ' 

This  correspondiag  wdght  of  alcohol  has  a  certain  ipirit 
indication,  which  ia  to  be  added  to  the  spirit  indication  of  the  beer 
itself,  before  the  degrees  of  gravity-teat  are  taken  from  the  Table. 
The  calculated  original  gravity  of  old  beer  ia  often  thus  verf 
sensibly  increased.  The  addition  to  be  made  to  the  actoal  degteea 
of  spirit  indication,  as  foond  by  weighing  the  distillate  for  taj 
excess  of  acetic  add  above  o- 1  per  cent,  is  shown  in  Table  G. 

As  an  example  of  the  distillation  process,  enppose  the  resolta 
of  the  examination  of  a  sample  of  beer  to  bfr— 

Spedfic  gravi^  of  Beer         ....     1006*4 
"  Spirit       ....      99aT 

"  Extract    ....     1014-1; 

and  suppose  that  in  neutralising  the  acid  in  1000  fluid  grains  of 
It  b.vr,  46  diri'inns  of  th(>  nci'tnnieter  were  emptied,  nr  that  460 
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The  practice  of  the  Rerenue  is  to  recogniae  no  eipTeBuon  for 
the  '  oiiguial  gravitj '  of  beet  other  than  that  of  the  true  specific 
graritj  of  the  vort  at  60°  Feht.,  or  the  weight  of  looo  fluid  gtains 
at  that  temperature,  whilst  that  adopted  b;  brewers  is  different, 
tbedenKty  of  worta  being  eiptesaed  by  them  at  so  many '  lbs.  per 
barrel' 

The  foUowiDg  Table  will  show  the  relationa  between  the  two 
forms  of  expression  (jogths  of  a  lb.  per  barrel  correspond  to 
I  def^e  of  gravity,  or  1  lb.  per  barrel  corresponding  to  2  degrees 
and  the  ^ths  of  a  degree  of  gifiTity)  :— 


y  the  Specifc  Gravity  of  Wortt  m 
i«  correspondinff  '  lbs,  per  Barrtl '  i 
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Adalleratiun  of  Seer, — Dt.  Ubb  eajs,  in  his  '  Dictionary  of 
Chemistry'  (4th  edition,  1831,  p.  203): — 

'  As  lon^  ago  as  the  reign  of  Queen  Anne  brewers  ■were  for- 
bidden to  mix  migar,  Jioney,  GmTtea-ptpper,  aiaUia  binUi  cotxulut 
indicut,  or  any  other  unwholesome  in^fredient,  in  beer  under  a 
ceittud  penalty ;  from  which  we  may  infer  that  such  at  least  was 
the  practice  of  some  ;  and  writers  who  profess  to  discuss  the 
secrets  of  the  trade  mention  most  of  these  and  same  other  articles 
as  essentiaUj  necesaory.  The  euattia  hina  is  sugar  boiled  down 
to  a  dark  colour  and  empyreumatic  flaTour,  Sroom-lopi,  tDorm- 
VMod,  and  other  bitter  plants,  were  formerly  nsed  to  render  beer 
fit  for  keeping  before  hops  were  introduced  into  this  (»untry,  but 
are  now  prohibited  to  be  used  in  beer  made  for  sale.' 

'  By  the  preaent  law  of  this  country,  nothing  is  allowed  to 
enter  into  the  composition  of  beer  except  malt  and  hops.  Qaaitia 
and  wormwoad  are  sometimes  fraudulently  introduced,  both  of 
vhich  are  easily  discoverable  by  their  nauseous  bitter  taste.  They 
form  a  beer  which  does  not  preserve  so  well  as  hop  beer.  Sidphate 
of  iron,  alum,  and  sail,  are  often  added  by  the  publicans  under  the 
name  of  heer-heading,  to  impart  a  frothy  property  to  beer,  when 
it  is  poured  out  of  one  vesfiol  into  another.  Molaneei  and  extract 
of  gentian  root  are  added  with   the  same  view.      Capnicuvt,  graiia 
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paraUon  of  molasses^  honey,  Itquorinsj  vitriol,  qtiassia,  cocculus 
mdicus,  grtnru  of  paradise^  Guinea-pepper,  or  opium,  or  any  article 
or  preparation  whatsoever  ior,  or  as  a  sithstitxUe  for  malt  and  hops, 
upon  pain  that  all  such  liquor,  extract,  calx,  molasses,  honey, 
yitriol,  quassia,  cocculus  indicus,  grains  of  paradise,  Guinea- 
pepper,  opium,  extract,  article  and  preparation  as  aforesaid,  and 
also  the  said  worts  and  beer,  shall  be  forfeited,  together  with  the 
casks.  Teasels,  and  other  packages,  and  may  be  seized  by  any 
officer  of  excise ;  and  such  brewer  of,  dealer  in,  or  retailer  of  beer 
so  offending  shall  for  each  offence  forfeit  200/. 

'  No  druggist,  or  Tendor  of,  or  dealer  in  drugs,  or  chemist,  or 
other  person  whatever,  shall  sell,  send,  or  deliver  to  any  licensed 
brewer  of,  or  dealer  in,  or  retailer  of  beer,  knowing  him  to  be  so 
licensed,  or  reputed  to  be  so  licensed,  or  to  any  other  person,  for, 
or  on  accoimt  of,  or  in  trust  for,  or  for  the  use  of  such  brewer, 
dealer,  or  retailer,  any  colouring  from  whatever  material  made,  or 
any  other  material  or  preparation,  other  than  unground  brown 
malt,  for  the  purpose  of  darkening  the  colour  of  worts  or  beer,  or 
any  liquor  or  preparation  heretofore  or  hereafter  made  use  of  for 
darkening  the  colour  of  worts  or  beer,  or  any  molasses,  or  other 
Articles,  as  mentioned  in  the  first  section,  for,  or  as  a  substitute 
for  malt  or  hops  respectively ;  and  if  any  druggist,  or  vendor  of, 
or  dealer  in  drugs,  or  any  chemist,  or  other  person  whatever  shall 
80  do ;  all  such  liquor  called  colouring,  and  material  or  prepara- 
jtion  for  the  purpose  aforesaid,  and  liquor  and  preparation  used  for 
darkening  the  colour  of  worts  or  beer,  molasses,  and  article  or 
-preparation  to  be  used  as  a  substitute  for  malt  or  hops,  shall  be 
forfeited,  and  may  be  seized  by  any  officer  of  excise,  and  the 
druggist,  vendor,  dealer,  chemist,  or  other  person  so  offending 
«hall  forfeit  500/.' 

By  the  Act  i  Will.  IV.  c.  51,  for  the  repeal  of  the  ale  and 
beer  duties,  it  is  enacted,  §  17 :  ^  That  no  brewer  shall  have  in  his 
ireweiy,  or  in  any  part  of  his  entered  premises,  or  in  any  mill 
connected  with  such  brewery,  any  raw  or  unmalted  com  or  grain  : 
and  all  unmalted  com  or  grain  which  shall  be  found  in  such 
brewing  premises  or  mill,  and  all  malted  com  or  grain  with 
which  such  unmalted  com  or  grain  may  have  been  mixed,  shall 
be  forfeited,  and  may  be  seized  by  an  officer,  with  all  vessels  or 
packages  in  which  such  raw  or  unmalted  com  or  grain  shall  be 
contained,  or  in  which  such  unmalted  com  or  grain,  and  the 
malted  com  or  grain  with  which  the  same  may  have  been  mixed 
shaU  be  contained ;  and  every  brewer  shall  for  every  such  offence 
forfeit  200V 

Most   of  the   substances   enumerated   above    are   perfectly 
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larmlesa ;  two,  bowerer,  sm  particularly  objectioiiable,  viz. 
^crk  acid  and  eoeeulus  vidiau,  eepeciaUy  Uie  I^ter,  which  con- 
taine  a  very  poisonoua  substance,  viz.  picrotoxm, 

"Will)  regard  to  Immt  mgar  or  treacle,  which  are  sometimes 
added  to  porter  to  give  it  colour  and  bodj,  their  use  is  now 
legalized,  and  the;  can  therefore  no  longer  be  r^arded  u 
adolteratioDB. 

Piti-ic  Acid. — This  adulteration  may,  according  to  Lassaiok^ 
he  detected  thus : — The  beer  is  to  be  agitated  with  a  solution  of 
euhacctate  of  lead  in  excess.  This  throws  down  a  predpitate 
conusting  of  the  bitter  and  most  of  the  colouring  matter  of  the  hop  ^ 
whilst  picric  acid,  if  present,  is  unaffected  by  this  re-agent,  «ud 
therefore  remains,  conmiuuicating  its  peculiar  taste  to  the  liquid. 
Another  test  U  to  treat  the  beer,  evaporat«d  to  half  or  a  quarter  of 
its  bulk,  with  aubacetate  of  lead,  or  to  shake  it  up  with  powdered 
animal  charcoal.  Pure  beer  is  thenibj  almoat  wholly  discoloured  ; 
but  if  picric  acid  is  present,  the  filtered  liquid  retaios  its  yellow 
colour.  This  reaction  is  very  delicate,  sufficing  to  detect  i  part  of 
picric  add  iu  iz,ooooi  iS,ooo  parts  of  beer.  According  to  Fohi, 
a  still  more  dchcate  test  for  picric  acid  is  obtained  by  immersing 
unbleached  aheeps'  wool,  or  any  fabric  made  therewith,  in  the 
beer,  boiling  for  six  or  ten  minutes,  and  then  washing  the  wooL 
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Mineral  Adulterations, — Should  these  be  suspected,  their  pre* 
sence  may  be  proved  bj  evaporatiog  the  beer  to  dryness,  and 
incinerating  the  residue  in  a  platinum  capsule  or  basin,  till  the 
-whole  of  the  organic  matter  is  destroyed,  tiien  dissolving  the  ash 
in  as  small  a  quantity  of  hydrochloric  acid  as  possible,  and  testing 
— for  iron  with  sulphocyauide  of  potassium,  which  will  give  a 
blood  red  coloration  if  that  metal  be  present — for  lime  by  the 
addition  of  ammonia  and  oxalate  of  ammonium,  which  will  cause 
a  white  precipitate.  Should  common  salt  be  suspected,  it  may  be 
proved  by  dissolving  a  portion  of  the  ash  in  water,  filtering,  and 
adding  nitric  add  and  nitrate  of  silver ;  from  the  bulk  of  the  pre- 
cipitated chloride  of  silver  the  presence  or  absence  of  salt  is 
inferred.  Some  chlorides  are  naturally  present,  so  that  the  formap- 
tion  of  a  slight  opalescence  does  not  prove  the  adulteration. 
Should  alum  be  present,  it  vnll  precipitate  in  the  form  of  white 
flocculi  on  adding  ammonia  to  the  solution  when  testing  for  lime. 

See  V/ AX. 

See  Bbokze. 
rJAMnr.    See  Benzoin. 

MMWnOTM  (Be^Jamiii,  Trankinceiuie). — Benzoin  is  a 
reon  extracted  by  incision  from  a  tree  (Styrax  benzoin),  and  is  met 
-with  in  commerce  in  large,  irregular,  brittle  lumps ;  its  fracture 
offers  a  mixture  of  white,  red,  and  brown  veins  or  spots  of  various 
flizea;  but  the  worst  quality,  called  foot,  is  almost  exclusively 
brown,  and  fall  of  vegetable  stalks,  sand,  and  other  impurities. 

The  best  quality,  when  broken,  has  the  appearance  of  white 
marble,  but  is  seldom  met  with. 

The  value  of  the  article  may  be  estimated  from  the  quantity 
of  benzoic  acid  obtained. 

Good  benzoin  contains  from  15  to  1 8  per  cent,  of  benzoic  acid^ 
which,  according  to  Stoltzs,  may  be  extracted  as  follows : — 

Dissolve  a  given  weight  of  the  resin  in  three  parts  in  weight 
of  alcohol,  pour  the  solution  into  a  retort,  and  add  thereto  a 
solution  of  carbonate  of  sodium  in  eight  parts  of  water,  with  three 
parts  of  alcohol,  until  the  alcoholic  solution  of  the  benzoin  is 
exactly  neutralized ;  that  is,  imtil  it  ceases  to  have  an  acid  reaction, 
-which  is  knovm  when  it  begins  to  turn  reddened  litmus  paper 
blue.  A  quantity  of  vrater,  equal  to  double  the  weight  of  the 
leain  operated  upon,  is  then  added  to  the  liquor,  the  alcohol  is 
distilled  off,  and  the  liquor  which  remains  in  the  retort  contains 
the  benzoic  add  and  the  resin.  The  latter  is  removed  by  decant- 
ing the  liquor,  and  washed ;  on  weighing  it,  it  is  found  to  be  equal 
to  80  or  82  per  cent,  of  the  benzoin  employed,  if  pure.  The 
Uqnor  decanted  from  the  resin  is  then  treated  by  dilute  sulphuric 
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ocid,  iu  order  to  predpitata  the  benzoic  add,  ■whicli  msr'  bo 
collected  on  a  filter,  well  waahed  with  cold  witt«r,  and  weighed. 

But  the  tbIus  of  benzoin  may  also  be  ascertuned  b;  tbs 
quuatitj  of  beaioic  acid  obtuned  I^m  it  by  subliinatdon.  Several 
procBBaes  may  be  employed,  but  that  described  by  31.  Hatchbtt 
ia  perhaps  the  most  easy.  It  conslata  in  digeadng  a  gicen  wei^t 
of  the  benzoin  in  enlphuric  acid,  and  then,  by  applying  beat,  ft 
Bublimate  of  benzoic  acid  is  obtained. 

BEVZOXC  ACzn  (naw«r«  of  SenBOlo). — Pure  Benzoic 
add  13  white,  but  it  often  has  a  brownish  tinge,  omng  to  tha 
presence  of  a  certain  quantity  of  resin,  which  sometimes  ia  con- 
siderable. Pure  benzoic  acid  ia  odourless,  but  it  generally  has  ft 
slight  odour  of  incense  or  of  vanilla,  especially  when  it  has  been 
obtained  by  sublimation,  which  ia  generally  the  case.  It  shonld 
volatilize  completely  when  heated,  and  be  entirely  soluble  in 
alcohol,  and  likewise  in  boiling  water ;  but  die  latter  solution  oa 
cooling  stitfens  into  a  solid  mass,  because  the  add  is  only  Hpsiingly 
soluble  in  cold  water.  Benzoic  acid  is  also  dissolved  by  a  serin- 
lion  of  potash  and  by  lime  water,  from  which  solutioDS  it  may  be 
immediately  reprecipitat«d  by  an  addition  of  muriaUc  acid. 
These  reactions  are  peculiar,  and  enable  the  operator  to  sepaiate 
easily  any  impurities  or  admiztuies  which  may  contaminate  tliu 
article. 
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are  placed  at  the  lower  end  of  the  cylinder.  Whichever  way 
bismuth  is  ohtained,  that  of  commerce  is  never  pure ;  it  is  con- 
taminated by  sulphuKf  arsenic,  lead,  silver,  iron,  tin,  &c.  The 
analysis  of  the  metal  may  be  performed  as  follows : — 

Put  into  a  crucible  a  given  weight  of  the  bismuth  to  be 
examined,  and  fuse  it  therein  with  one-tenth  part  of  its  weight  of 
nitrate  of  potassium^  in  order  to  convert  the  sulphur  and  the 
arsenic  into  sulphate  and  arseniate  of  potassium,  which  may  then 
be  eliminated  by  washing  with  water;  these  compounds  being 
soluble  in  this  menstruum. 

The  bismuth  which  is  now  left,  and  which  may  contain  lead, 
sSver,  tin,  &c,  is  boiled  in  nitric  acid,  which  oxydizes  the  tin  and 
leaves  it  in  an  insoluble  state;  it  may  then  be  collected  on  a 
filter,  washed,  ignited,  and  weighed. 

The  filtrate  should  next  be  treated  by  a  slight  excess  of  solu- 
tion of  carbonate  of  potassium ;  a  solution  of  cyanide  of  potassium 
is  then  added,  and  the  whole  is  digested  at  a  gentle  heat  for  some 
time.  The  lead  and  the  bismuth  which  have  been  precipitated 
by  the  carbonate  of  potassium  are  left  in  an  insoluble  state,  but 
the  silver  is  taken  up  and  remains  in  solution  in  the  state  of 
double  cyanide  of  silver  and  of  potassium.  The  whole  is  thrown 
on  a  filter;  the  carbonate  of  lead  and  of  bismuth  on  the  filter  may 
then  be  dissolved  in  acetic  acid,  and  a  blade  of  pure  lead, 
pieviously  weighed  with  great  accuracy,  should  be  completely 
immersed  in  the  acetic  acid  solution.  The  flask,  containing  the 
solution  and  the  blade  of  lead  immersed  therein,  is  to  be  corked  up, 
and  the  whole  is  left  at  rest  for  several  hours.  The  bismuth  is 
gradually  thrown  down  in  the  metallic  state  by  the  lead,  and 
when  the  whole  of  the  bismuth  has  separated,  the  blade  of  lead  is 
removed,  washed,  dried,  and  weighed.  The  bismuth  is  then  col- 
lected on  a  filter,  washed  with  pure  water  (previously  boiled  and 
oooled  out  of  the  contact  of  the  air) ;  it  is  then  re-dissolved  in 
nitric  acid,  and  an  excess  of  a  solution  of  carbonate  of  ammonium 
is  then  poured  in ;  the  whole  is  heated  for  a  short  time,  by  which 
means  tiie  oxide  of  bismuth  is  completely  separated :  it  is  then 
washed,  dried,  ignited  in  a  porcelain  crucible,  and  weighed.  The 
filter  should  be  burnt  separately  on  the  cover  of  the  crucible,  and 
the  ashes  are  returned  to  the  mass  to  be  weighed. 

The  solution  of  lead  which  was  filtered  from  the  precipitated 
bismnth  is  neutralized  with  ammonia  and  treated  by  oxalate  of 
ammonium  in  order  to  precipitate  the  lead  in  the  state  ot  oxalate 
of  lead,  which  is  then  collected  on  a  filter,  washed,  and  ignited  in 
a  small,  open,  and  counterpoised  porcelain  crucible,  by  which 
tzeatment  it  is  converted  into  protoxide  of  lead,  from  which  the 
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veight  of  tbe  lead  in  the  compound  may  be  calculated.  The  loai 
of  weight  Bustained  hj  the  blade  of  Uad  emplojed  indicates  how 
much  oxide  of  lead  should  be  Bubttacted  from  the  total  weight  of 
the  protoxide  of  lead  obtained,  iizpaila  in  weight  of  protoxidd 
of  lead  » 104  of  metallic  lead. 

The  filtrate  separated  from  the  precipitate  at  first  prodnced  by 
carbonate  of  potasinum,  and  which  conWns  the  siher  in  the  state 
of  double  cyanide  of  silver  and  potasuum,  should  be  mixed  with  an 
excess  of  dilute  nitric  add,  and  gentler  heated.  The  silver  ia  thereby 
precipitated  in  the  state  of  cyanide  of  sUrer,  which  is  collected  on 
ft  filter,  washed,  dried  at  a  steam  heat,  and  weighed.  100  grains 
of  cyanide  of  ailver  =  80-6  ulver.  The  ulver  may  also  be  Eepaiated 
by  ciipdlalion.     (See  Silver.) 

BrrAKTS.&Ta  of  voTASsnnc.    SmFotassidk. 

SXiACK  sAiro.     Set  ISON  Obe8. 

BXiAOX  TAOX.    See  Zrac  Obes. 

BK&WC    aaCAVOE.      See  BoSBOBB,  SwEATUElTB,  LiaVEIIBfl, 

The  following  suhetances  should  nevsr,  under  any  pretence,  nor 
in  any  quantity,  he  uaed  for  colouring  jellies,  sweatmeats,  &c.,  01 
any  article  of  food  whatsoever: — 
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The  colotuing  substances  wluch  may  be  employed  with  perfect 
safety  by  confectioners,  liqueur-makers,  and  others,  for  the  pur- 
poses mentioned,  are  the  following : — 

Blue  Coloubs  : — 

Pulverised  indigo. 
Sulphate  of  indigo. 
Prussian  blue. 

These  substances  are  readily  miscible  with  all  the  other  colours 
in  which  blue  forms  a  constituent  part;  as,  for  example,  with 
yellow  to  make  green,  and  with  red  to  make  purple. 

Yellow  Colottbs  : — 
Safi&on. 

Turkey  yellow  berries. 
Perdan  yellow  berries. 
Quercitron. 
Fustic. 
Aluminous  lakes  of  the  above  woods. 

The  yellow  colour  obtained  from  some  of  the  above  substances, 
and  especially  from  Turkey  yeUow  berriea  and  Pewian  berriea,  is 
more  brilliant  than  that  imparted  by  chrome  yellow,  which  is  a 
poison. 

Red  Colottbs  : — 

Cochineal. 
Carmine. 
Carmine  lake. 
Brazil-wood  lake. 
Madder  lake. 

COMPOUND  COLOURS.— Green  Coloubs.— A  green  colour 
may  be  produced  by  mixing  one  of  the  blue  colours  with  one  of 
the  yellow  colours  above-mentioned,  but  the  brightest  green  is 
that  produced  by  Prussian  blue  and  Perdan  berries ;  the  colour 
thus  produced  is  as  beautiful  as  Schweinfurt  green,  which  is  a 
poison. 

Ptbple  Coloues. — A  purple  colour  may  be  produced  by 
mixing  one  of  the  blue  colours  with  one  of  the  red  colours  above 
mentioned ;  any  variety  of  tint  may  be  thus  obtained. 

A  decoction  of  logwood  produces  a  good  violet  or  purple 
ooloiir. 

A  purple  dahlia  colour  may  be  obtained  by  mixing  carmine 
lake  with  Prussian  blue. 

As  to  the  coloured  papers  which  are  sometimes  used  as 
wrappen,  the  most  dangerous  are  those  of  a  fine  green  or  of  a 
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light  blue  colour,  produced  bj  means  of  metallic  pigmenla,  and 
which,  when  in  contact  with  Mft,  moist,  or  gieaay  substances,  eadx 
as  lard,  butter,  cheese,  sweetmeats,  camnel,  sugftr-plums,  &c, 
may  impart  to  them  a  portion  of  their  colouring  matter,  and  thus 
be  the  cause  of  serious  or  even  fatftl  accidents. 

Dr.  KuESOH,  of  MerabuTg,  hu  directed  the  attendon  of 
medic&l  men  to  the  danger  of  umog  Scheele's  green,  either  in 
punting  walls  or  in  staining  paper-hangings.  He  thinks  that  fay 
the  agencj  of  moisture  a  cwtwn  amount  of  areenurettad  hjdrogea' 
is  eTolred,  which  materiallj  interferes  with  the  puri^  of  the  air. 
According  to  Dr.  Rasbsoit,  paeudo-rheumatic  paina,  neuralgia, 
cough,  lassitude,  and  emaciation,  are  produced  bj  that  state  of  the 
air,  and  these  affections  get  worse  with  an  increase  of  moisture 
either  in  the  room  or  atmosphere. 

The  glazed  paper  and  cards  known  as  enamel  paper,  and  cards 
such  as  are  used  now  generally  as  cards  of  visit,  an  prepared  with 
carbonate  of  lead  (white  lead),  which  is  a  poison. 


All  the  mineral  preparations  above  mentioned,  being  insoluble 
n  water,  may  be  isolated  by  digesting  the  suspected  articles  in 
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becomes  red-hot,  he  immediately  heats  the  pointed  parts  which 
contains  the  arsenical  compound.  The  arsenious  acid,  in  passing 
orer  the  ignited  piece  of  charcoal,  is  reduced,  and  a  ring  of 
metallic  arsenic  is  first  formed  at  c,  which  may  be  shifted  to  d^ 
and  then  back  again  to  c,  by  exposing  these  parts  successively  to 
the  heat  of  the  flame  of  the  qpirit-lamp.  The  ring  of  metallic 
anenic  haying  been  shifted  back  into  c,  ^e  tube  may  be  cut  off  at 

FlO.    Z2. 


that  point  by  a  file,  and  on  applying  heat,  the  odour  of  garlic, 
which  is  characteristic,  becomes  immediately  perceptible,  and  thus 
indicates  the  presence  of  arsenic  beyond  possibility  of  doubt. 

Paper  which  has  been  coloured  with  Scheele's  green  may  also 
be  rolled  up  into  a  ball  and  introduced  in  the  bulbous  end  of  the 
tube  represented  in  Fig,  13,  and  treated  in  the  same  manner;  the 
charcoal  of  the  paper  is  sufficient  to  reduce  the  arsenic,  and 

Fio.  13. 


a  metallic  mirror  is  then  obtained.  It  is  difficult,  however,  to 
detect  the  presence  of  arsenic  by  treating  the  suspected  paper 
in  this  dianner^  because  an  empyreumatic  oil  passes  over  with 
the  fumes,  and,  condensing  on  the  sides  of  the  glass,  masks  the 
metallic  mirror.  It  is  therefore  better  to  treat  the  paper  by 
moderately  diluted  hydrochloric  acid,  which  dissolves  the  pig- 
ment, and  the  solution  may  then  be  tested  for  arsenic  by  Mabsh's 
apparatus. 
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Or  the  diy  reaiduoia  above  mentioDed  xokj  be  mixed  witli  ■ 
little  black  flux,  ondbeated  in  a  tube  closed  at  one  end.  (fig.  i^) 
If  anenic  b  present,  a  metallic  imrror  of  the  metal  will  be  formed 
ate. 

If  the  povrder  which  lemains  in  «■  insoluble  state,  mttei  dign- 
lioD  in  water,  contains  any  o.VHb^«if)pn-,  the  addition  of  aqueoiu 
ammoma  will  produce  a  solution  of  ftbeautirul  blue  colour. 

Pap^r  which  has  been  eolonied  with  oxide  of  copper  is 
decolourized  wben  touched  with  a  solution  of  ammonia ;  or  if  the 
papor  be  put  into  a  glass,  and  aqueous  ammoma  poured  upon  it,  a 
eolution  of  a  beaudful  blue  colour  is  obtained.  Moreovec,  paper 
which  has  been  coloured  with  a  salt  of  copper  bums  with  a  green 

Or  the  drj  residuum,  or  the  paper,  may  be  treated  bj  dilute 
sulphuric  acid  and  filtered.  If  a  portion  of  the  filtrate,  being 
tested  with  ammonia,  produce  a  blue  colour,  or  with  solution  of 
ferocyanide  of  potassium  a  reddish  brown  precipitate,  it  ia  a 
sign  that  copper  is  present  A  bar  of  iron,  perfectlj  bright  and- 
clesn,  such  as  for  example  the  blade  of  a  kmfe,  is  ^so  an  exc^ 
lent  test  for  copper ;  the  blade  being  plunged  in  the  solution  will, 
after  a  short  time,  become  coated  with  metallic  copper,  if  that 
metal  he  present. 

If  tlio  u-ilouriiip-  mutter  bo  Rinman'f  green  (cobaltate  of  zinc). 
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impart  a  yellow  colour  to  the  suspected  article,  it  may  be  easily 
detected  in  the  dry  residuum  mentioned  before,  as  follows : —  -N{ 
A  portion  of  the  dry  residuum  should  be  mixed  with  fused  ^,, 
borax,  and  if  chrome  be  present,  a  bead  of  an  emerald  green  colour 
will  be  obtained  by  fusion  before  the  blow-pipe.  If,  on  the  other 
hand,  another  portion  of  the  residuum  be  mixed  with  soda,  and 
heated  upon  charcoal  in  the  reducing  flame  of  the  blow-ppe, 
globules  of  lead  will  be  obtained. 

Chromate  of  lead  may  also  be  detected  by  boiling  a  portion  of 
the  dry  residuum  in  solution  of  carbonate  of  potassium,  by  which  it 
becomes  converted  into  chromate  of  potassium  of  a  light  or  lemon 
yellow  colour.  The  addition  of  a  few  drops  of  nitric  acid  conyerts 
it  into  bichromate  of  potassium,  and  the  solution  assmnes  an 
orange  yellow  colour.  To  a  portion  of  this  solution  add  a  few 
drops  of  acetate  or  of  nitrate  of  lead  -,  this  will  produce  a  yellow 
precipitate  of  chromate  of  lead,  soluble  in  caustic  potash.  If^ 
instead  of  nitrate  or  of  acetate  of  lead,  solution  of  nitrate  of  mlyer 
be  employed,  a  carmine  red  precipitate  of  chromate  of  silver  wiU 
appear ;  if  the  solution  does  not  contain  an  excess  of  acid,  the  pre- 
cipitate is  purple. 

All  the  oxides  and  salts  of  lead  may  be  easily  recognized  by 
means  of  the  blow-pipe  upon  charcoal ;  because,  when  thus  heated 
in  the  reducing  flame,  globules  of  metallic  lead  are  immediately 
obtuned.  The  reduction  of  lead  is  so  easily  efiected,  that  ignition 
is  of  itself  sufficient  to  accomplish  it ;  for  if  paper  or  cards,  glazed 
or  enamelled  with  carbonate  of  lead,  are  set  Are  to,  the  operator 
may  observe,  first,  that  near  the  inflamed  point  a  yellow  coating 
is  produced,  which  is  oxide  of  lead,  and  by  looking  carefully  at 
the  carbonized  or  charred  portion  of  the  paper,  a  great  number  of 
minute  globules  of  metallic  lead  may  be  seen. 

Carbonate  of  le^d  being  a  poison,  it  is  of  course  dangerous  to 
use  paper  enamelled  or  glazed  with  that  substance,  as  wrappers 
fat  uticles  of  food.  There  are  examples  of  children  having  been 
poisoned  by  chewing  or  sucking  such  cards. 

The  presence  of  orpiment  is  recognized  in  the  dry  residuum  by 
heating  a  portion  of  it  to  redness  on  a  strip  of  platinum  foil,  in 
which  case  it  will  bum  with  a  pale  blue  flame,  and  evaporate 
completely.  Thebe  st  test,  however,  of  the  presence  of  orpiment, 
is  its  conversion  into  metallic  arsenic,  which  is  done  as  follows : — 
The  sulphide  of  arsenic  (orpiment),  or  the  dry  residuum  supposed 
to  contain  it,  is  placed  at  the  end  a  of  the  tube  shown  in  Fig. 
14,  and  above  it  a  suitable  quantity  of  recently  charred  tartrate 
of  calcium  is  added.  The  portion  of  the  tube  containing  the  charred 
tartrate  of  calcium  must  be  heated  to  redness  by  means  of  an  argand 
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spirit  liunp,  And  when  red-hot,  the  end  a  of  the  tube  containing 
the  orpiment  is  bn>ti(tht  bto  the  fiame  of  the  lamp.  The  fiimea 
of  the  aulphmet  of  arsenic,  traTeiaing  then  the  red-hot  miztnre  of 
lime  and  charcoal,  are  decomposed,  the  anlpbor  combines  with 


tlie  lime,  forming  sulphide  of  calcium,  oxide  of  otrbon  is  diasn- 

gnged,  and  a  rio|;  of  metallic  arsenic  is  depodted  at  b.  Care  mnat 
be  taken  that  the  charred  tartTat«  of  calcium  be  hot  enough,  for 
the  sulphide  of  orwnic  might  otherwise  be  sublimed  wiUiont 
decomposition.  Instead  of  tutrate  of  calcium,  oxalate  of  calcium, 
mixed  with  a  little  carbonatA  of  ammonium,  may  be  used. 

Gambogt  is  recognized,  because  the  solution  of  the  aweetmnata 
under  examination  rwlnina  ii  yellow  tinffo,  pnmbn^i.!  Iniui:  imilinlly 
soluble  in  water.     The  best  method  of  identifyin 
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treated  by  aqua  regia  or  nitric  acid,  and  therefore  this  test  is 
not  conclusiYe,  except  the  absence  of  other  sulphides  has  been 
preTiously  ascertained.  Another  way  consists  in  mixing  a  portion 
of  the  red  sediment  with  soda  slightly  moistened,  and  introducing 
the  whole  into  a  glass  tuboi  closed  at  one  end.  If  the  extremity 
of  the  tube  be  now  exposed  to  a  red  heat,  the  mercury  will  be 
revived,  and  will  sublime  in  the  form  of  a  grey  coating,  in  which 
the  presence  of  globules  of  mercury  may  be  rendered  apparent,  if 
not  already  so,  by  rubbing  with  a  glass  rod.  The  vermilion  may 
also  be  identified  as  such  by  heating  it  without  soda  in  the  glass 
tube,  when  the  vermilion  wiil  sublime  without  alteration  in  the 
form  of  a  red  powder. 

Toys  are  generally  coloured  or  painted  with  poisonous  sub- 
stances of  the  same  description  as  those  above  mentioned;  and 
fiEital  accidents  have  happened  from  children  having  applied  them 
to  their  mouths. 

ro  PO^WTDBR.    See  LiKE,  Chlobide  of. 
SeeZmc  Obss. 

CASBOVATB  OF  COPPBR.     See  GOPFEB. 

COPPXBA8.     See  CoPPEB. 

vrnUOK.  See  CoPPEB. 
See  Blakc  Mange. 
ICIB. — ^Boracic  add  is  foimd  in  an  uncombined 
state  in  several  small  muddy  lakes  of  Tuscany  and  of  Sesso  called 
iagcni,  in  the  midst  of  which  small  craters  called  tuffioni  are 
opening;  and  which  disengage  aqueous  vapours  charged  with 
boraeic  add,  borate  and  sulphate  of  ammonium,  of  iron,  and  other 
salts,  as  is  shown  in  the  analyns  of  the  boradc  add  of  Tuscany,  by 
Patet,  which  we  reproduce  here : — 

Pure  crystallized  boradc  acid 
Sulphate  of  magnesium 

„      of  ammonitmi 

„      of  caldum 
Chloride  of  iron    • 
Alum  •        •        .        • 

Clay,  sand,  sulphur 
Hygroscopic  water  disengaged 

at  36®  centigrade    . 
Nitrogenized  organic  matter 
Sal  ammoniac 
Hydrochloric  add 
Sulphuretted  hydrogen 


74*0  to  84*0 


14*0  „   8'0 


2-5 
7*o 

2-5 


w 


Jf 


1-25 
575 

x*oo 
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Accordicg  to  tbe  above  HutlyMA  the  boncic  «dd  of  Tnaeanj 
oontiuiu,  therefore,  &om  16  to  26  per  cent,  of  foreign  m&tter. 

The  best  way  of  eatimatuig  the  Tains  of  boneic  acid  conmsto- 
in  comhimng;  it  with  a  base — for  example,  with  soda — and  decom- 
poung  the  borate  thus  formed  by  adding  salphnric  acid,  oxacUf 
aa  for  the  analyns  of  boiaz,  as  described  nnder  that  head. 

SOBATB  OF  BOnmK.     See  BORAI. 

SflMAX  (Boimte  of  aodlnm,  TlnesI,  Voiuix*,  Oijaa 
ooiib). — Borax  is  a  combination  of  boradc  odd  with  aodiiun, 
which  is  found  in,  and  is  exported  chieflj  from,  India,  in  ta 
impure  state,  and  is  oatutally  corered  widi  a  kind  of  bttj  or 
toap7  matter.  In  that  impure  state  it  is  in  hezaedral  crjvtals, 
more  or  less  fliittened,  of  a  yellowish  or  green  colour,  and  it  ia 
tfaen  known  under  die  name  of  taieal,  or  of  cryMKoBa ,-  it  is  oulj 
after  purification  that  it  is  called  borax ;  it  is  then  white,  and  in 
slightly  efflorescent,  irregular  hexaedral  priams,  sUghtly  atyptii^ 
and  has  an  alkaline  re-action  on  test-picpeiB.  Borax,  however,  U 
maua&ctured  also  by  comlrining  directly  soda  with  native  boradc 
add.    (See  Boraeio  Add.') 

The  assay  of  borax  may  be  made  very  easily  by  a  process  con- 
trived by  Gat-Lussac,  and  similar  to  that  employed  in  alkalimetiy. 
Siucu  Bulphuric  acid  decomposes  borate  of  sodium  in  a  complete 
nianner,  if  we  pniplfr  sulphiinc  nciii  of  n  Known  stren^ti.  the 
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liot  solution  of  borax,  and  which  is  deposited  when  the  pomt  of 
49atiiration  is  obtained,  interferes  with  the  ready  appreciation  of 
the  changes  of  colour,  the  solution  should  be  allowed  to  cool 
before  adding  the  last  drops  of  acid.  When  the  tinge  produced 
in  the  borax  liquor  is  exactiy  like  tihat  of  the  coloured  water  kept 
for  comparison,  the  operator  reads  off  the  number  of  divisions  of 
the  test-acid  employed,  and  then  calculates  therefrom  the  value  of 
the  borax  assayed.  The  indication  is  a  little  too  high,  because  it 
is  necessary  to  pour  a  little  excess  of  add  to  produce  a  distinct 
reddening,  and  therefore  it  is  customary  to  deduct  three  drops 
from  the  number  indicated  by  the  alkalimeter. 

The  number  of  divisions  represents  the  quantity  of  real  soda 
-contained  in  the  borax;  let  us  suppose,  then,  that  50  divisicms 
have  been  required  to  decompose  the  100  grains  of  borax  analyzed ; 
since  100  divisions  represent  one  equivalent,  or  32  of  soda,  it  is 
-evident  that,  in  that  case,  only  one-half  equivalent,  or  16  of  soda, 
were  present  in  the  100  grains  of  borax. 

Now  pure  borax  consists  of — 

I  equivalent  of  soda    .        .        .     »  32 

I  „         of  boradc  add        .     «=  70 

10         „        of  water         .        . .  =.  90 


1  equivalent  of  borax        «  192 

The  operator  may  therefore  easily  calculate  what  quantity  of 
l>orax  corresponds  to  the  16  grains  of  soda  found  in  the  experi- 
ment : — 

Soda.       Borax.  Soda.  Borax. 

32    :     12    :   :     16    :    or  =  96 

In  the  case  above  alluded  to,  therefore,  the  sample  contains  96 
per  cent,  of  crystallized  borax. 

The  adulterations  of  botax  generally  consist  of  common  mU 
and  of  aiwn.  These  impurities  may  be  easily  detected;  the  first, 
by  solution  of  nitrate  of  silver,  which  will  immediately  produce  a 
white  curdy  predpitate  of  chloride  of  silver,  insoluble  in  dilute 
Adds,  soluble  in  a  slight  excess  of  ammonia,  and  which  may  be 
separated  by  filtering,  or  by  decantation  after  it  has  well  settled. 
The  presence  of  alum  is  recognized  by  the  white  bulky  precipitate 
vrhidi  ammonia  produces  when  poured  in  the  liquor,  which 
predpitate  is  soluble  in  a  solution  of  caustic  potash.  The  adul- 
teration of  borax  with  alum  is  sometimes  so  considerable  that,  on 
^ding  ammonia,  the  whole  solution  stiffens  into  a  thick  jelly. 
When  this  is  the  case,  the  presence  of  alum  may  be  readily 
.detected,  even  by  the  taste,  the  alum  having  a  styptic  astiingenty 
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tUghtiy  acid  flavour,  whilst  that  of  borax  is  aweetiali  and  tUghtif 
aBcaUnt;  and  theM>lutioD,if  it  GontaiiiBBlimi,Teddeii8  thetinctnro 
of  litmiu,  whilst  that  of  borax,  oa  the  conbviy,  renden  reddened 
litmus  paper  blue  Bgain.  If  the  bwax  baa  beoi  faUGed  with 
one-tenth  part  of  its  w^ht  ai  alnm,  it  does  not  completetj 
diasolTe  in  water ;  that  b  to  saj,  the  liquor  temuna  tmhid,  and  a 
alight  whitish  sediment  settles  down  in  the  glass. 

B&AJntT,  onr,  XitM,  musST. — Brandy,  gin,  mm,  &c. 
are  alcoholic  liquors,  obtained  from  the  distjllation  of  certain 
fermented  substnnces.  Pure  bnndj  is  obtuned  from  the  distil- 
lation of  wine ;  has  a  pungent,  agreeable  taste,  barely  reu^izable, 
however,  iu  the  mixture  of  alcohol  and  water  coloured  with  burnt 
sugar,  flavoured  with  pepper,  cayenne,  or  other  acrid  substances,  to 
make  beUevB  in  a  etrengUi  of  ^cohol,  the  proportion  of  which  is- 
attenusted  to  the  least  poaaible  amoont. 

The  brandy  made  &oni  resins,  com,  potatoe,  Idrschen,  barley, 
and  known  under  the  names  of  gin,  rum,  whisky,  &c,  contun  a 
small  quantity  of  B  peculiar  oil  to  which  thqr  owe  their  respectiTe 
flavour.  All  these  liquoie,  however,  are  often  adulterated  to  a 
great  extent,  the  endeavour  of  the  maker  being  always  to  reduce 
the  proportion  of  the  alcohol,  and  to  disumulate  its  absence  by  the 
introduction  of  pungent  or  of  acrid  substances.  This  fraud  may 
be  ensiiy  di^tpeted  hy  ;irupl_v  C'Vft]>omting-  ai 
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)>ottle,  in  the  manner  described  in  the  article  on  Alcohol,  or  by 
distilling  a  portion  of  the  sample  and  taking  the  specific-graTity  of 
the  distilled  portion.  This  must  always  be  done  when  the  brandy, 
being  mixed  with  sugar  or  other  matters,  the  operator  wishes  to 
ascertain  the  quantity  of  alcohol  present.  The  spediic  gravity  of 
genuine  brandy  is  generally  from  0*9695  to  092 37. 

In  1824  M.  Gay-Lussac  invented  an  instrument  called  alco- 
holometer (alcomdtre  cent^imal),  on  the  principle  of  the  hydro- 
meter. The  instrument,  when  immersed  at  15°  centigrade  (59° 
Fahrenheit)  in  a  mixture  of  alcohol  and  water,  indicates  at  once 
the  quantity,  in  bulk,  of  alcohol  present  in  the  liquor.  The 
alcoholometer  is  divided  into  100  degrees,  and  is  so  contrived  that 
each  degree  represents  one  hundredth  part  of  anhydrous  or  pure 
alcohoL  Suppose,  for  example,  that  at  the  temperature  of  1 5^  cen- 
tigrade (59^  Fah.),  the  alcoholometer,  being  plunged  in  a  sample 
of  brandy  at  that  temperature,  sinks  to  the  point  marked  50^,  it 
indicates  that  the  brandy  under  examination  consists  of  equal 
volumes  of  pure  alcohol  and  of  water.  By  means  of  such  an 
instmment,  therefore,  the  real  quantity  of  alcohol  contained  in  a 
given  quantity  of  spirit  can  inmiediately  be  determined  by  multi- 
plying the  volume  by  the  number  of  degrees  indicated  by  th^ 
immersion  of  the  instrument,  and  dividing  the  product  by  icx>. 
Thus,  if  a  sample  from  a  puncheon  of  brandy  containing,  for 
example,  135  gallons,  being  brought  to  15°  centigrade,  incUcates 
50^  of  the  alcoholometer,  the  135  gallons  will  therefore  contain  67^^ 
gallons  of  pure  alcohol — 

135  X  5o=675o-i-xoo«67'5o, 

or,  which  is  the  same  thing — 

135  X  0*50  =  67*50. 

Had  the  alcoholometer  indicated  45^,  then  the  135  gallons 
in  the  above  example  would  have  contidned  60J  gallons  of  pure 
aloohoL 

135  X  0-45  =  60-75  (^^  Aicohol). 

Brandy  contains  sometimes  a  small  quantity  of  lead,  from  the 
solder  employed  in  the  construction  of  stills ;  and  of  copper j  from 
the  still  itself.  Acetate  of  lead  (sugar  of  lead)  is  occasionally, 
though  rarely,  added  to  brandy,  for  ti^e  purpose  of  facilitating  the 
clarifying  process.  The  brandy  so  treated  may  prove  exceedingly 
injurious  or  even  deadly,  acetate  of  lead  being  a  poison. 

The  presence  of  copper  may  be  detected  by  filtering  a  portion 
of  the  brandy  through  animal  charcoal,  in  order  to  decolorize  it ; 
^mmrtnU  Ifl  then  to  bo  poured  into  the  clear  liquor,  to  which  it 
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vill  impart  b  bine  tiujiet  it  copper  be  present,  at  least,  in  Buffident 
qtumtitj.  Several  hours  are  aouietimes  requisite  to  determine  the 
appearance  of  this  colour.  The  preaeace  of  copper  may  alae  be 
detected  by  immenicg  at  once  a  blade  of  perfectly  dean  iron  in 
the  brandy,  and  leaving  it  in  for  a  few  hours,  when  it  will  be 
found  coated  with  a  film  of  metallic  copper.  The  brandy  first  de- 
colorized by  animal  cliarcoal  nay  aha  be  tested  for  copper  by  a 
aolution  of  ferrocyanuret  of  potaadum  (yellow  pruaaiate  of  potaah), 
which  will  then  produce  a  brown  precipitate,  if  copper  be  pre- 
aent 

The  preaence  of  lead  is  detected  in  brandy  by  meana  of  dilnts 
aulphuric  acid,  or  of  a  Bolution  of  sulphate  of  sodium,  which  will 
produce  a  white  precipitate  of  sulphate  of  lead ;  or  better  atill,  by 
paaeing  a  cunent  of  sulphuretted  hydrogen,  which  will  then  pro- 
duce a  black  precipitate  of  sulphide  of  lead.  The  white  precipi- 
tate produced  by  dilute  sulphuric  acid,  or  by  solution  of  sulphate 
of  sodium,  becomes  black  when  moistened  by  hydrosulphuret  of 
ammonia.  If  the  quantity  of  the  precipitate  is  large  enough,  it 
may  be  mixed  with  a  little  soda,  and  reduced  before  the  blow-pipa 
upon  charcoal,  A  bead  of  metallic  lead  may  be  thus  obtained. 
(See  the  article  on  Alcohol.) 

An  instrument  called  ebulluMcope,  or  AaUition  akohohmettr, 
haa  been  invented,  by  which  the  quantity  of  alcohol  contained  In 
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Whexii  howeyer,  sucli  a  qaantity  of  dry  carbonate  of  potash,  or 
sugar,  is  added  to  a  spirituous  liquor  as  to  abstract  or  fix  in  the 
aoUd  state  a  portion  of  the  water  present,  then  the  boiling  tem- 
perature of  that  mixture  will  be  lowered  in  proportion  to  the 
concentration  of  the  alcohol,  instead  of  being  raised,  as  would  be 
the  case  with  water  so  mixed.  But,  generally  speaking,  it  may  be 
assumed  as  a  fact  that  the  boiling  point  of  an  alcoholic  liquor  is 
not  altered  by  a  moderate  addition  of  saline,  saccharine,  or  extrac- 
tiTe  matter.  On  this  principal  M.  Bbossabd-Vipal  constructed 
an  instrument  for  determining  by  that  temperature  the  proportion 
of  alcohol  present.  His  chief  object  was  to  furnish  the  Revenue 
Boards  of  France  with  a  means  of  estimating  directly  the  propor- 
tion of  alcohol  in  wines,  so  as  to  detect  the  too  common  practice  of 
introducing  brandy  into  their  cities  and  towns  under  the  mask  of 
wine,  and  thereby  committing  a  fraud  upon  the  octrau* 

'M.  Bbossakd-Vidal's  apparatus  consists  of  a  spirit-lamp 
surmounted  by  a  small  boiler,  into  which  a  large  cylindric  glass 
bulb  is  plunged,  having  an  upright  stem  of  such  calibre  that  the 
quicksilver  contained  in  them  may,  by  its  expansion  and  ascent 
when  heated,  raise  before  it  a  little  glass  float  in  the  stem,  which  is 
connected  by  a  thread  with  a  similar  glass  bead,  that  hangs  in  the 
air.  The  thread  passes  round  a  pulley,  which,  turning  with  the 
motion  of  the  beads,  causes  the  index  to  move  along  a  graduated 
circular  scale.  The  numbers  on  this  scale  represent  percentages 
of  absolute  alcohol,  so  that  the  number  opposite  to  which  the 
index  stops,  when  the  liquor  in  the  cylinder  over  the  lamp  boils 
briskly,  denotes  the  percentage  of  alcohol  in  it 

'M.  Bbossabd-Vidal's  instrument  was  placed  in  my  hands 
several  months  ago  (Oct  1847)  by  Mr.  Field,  who  had  obtained  a 
patent  in  this  coimtry  for  determining  thereby  the  strength  of 
spirituous  liquors.  I  made  a  great  many  experiments  on  the 
boiling  points  of  alcohol  at  various  successive  degrees  of  watery 
dilution,  and  verified  the  general  utility  of  the  contrivance,  but  I 
found  the  construction  of  the  instrument  subject  to  several  defects. 
The  mass  of  qiercury  to  be  heated  in  the  large  bulb  was  so  great 
as  to  occasion  some  loss  of  alcohol  in  the  course  of  the  experi- 
ment ;  the  length  of  the  thread  was  liable  to  be  affected  by  the 
moisture  of  the  air;  it  occasionally  failed  to  move  the  pulley  with 
sufficient  delicacy  on  account  of  friction,  and  when  the  spirit  in 
the  lamp  got  heated  in  its  case  it  flared  up  and  burnt  the  thread, 

*  Octroi  18  the  name  of  certahi  dues  which  are  levied  upon  certain  articles 
of  oonfomption  at  their  entiy  in  town,  and  the  proceeds  of  which  are  applied 
to  the  vaiioiifl  pnUic  wants  of  such  towns. 
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thus  renderiof^  the  appuatus  useless  till  a  fresh  thread  was  experi- 
mentally adjusted  to  the  beads. 

'  On  tbeae  accounts  I  renouaced  the  coDstmctdon  of  M.  Vidak^ 
and  adopted  a  more  simple  and  d)iect  form  of  indicatioD. 

'It  consists,  I,  of  a  flat  8[arit-lamp,  which  we  will  dengnata 
A,  aurrounded  b;  a  saucer  for  coctaining  cold  water  to  keep  the 
lamp  cool,  should  many  ezperinients  lequire  to  be  made  in  suc- 
cesMOQ )  3,  of  a  boiler,  which  we  will  designate  B,  and  which  fits 
by  its  bottom  ca^  (C)  upon  the  case  of  the  lamp.  A  damper- 
[jate  is  used  for  modifying  the  flame  of  the  lamp,  or  extinguishing 
it  wht'Q  the  experiment  is  completed.  A  thermometer,  which  we 
will  designate  D,  made  with  a  very  minute  bote,  in  the  manner  of 
the  Hev.  Mr.  Woixasioh's  instrument  for  measuring  the  height  of 
a  mountain  by  llie  boiling-pinnt  of  water  on  its  sumput,  is  placad 
in  the  boiler.  The  bottom  of  the  scale  in  this  thermometer  is 
marked  P  for  proof  on  tbe  left  side,  and  loo  (of  proof  spirit)  on 
the  right  side.  It  corresponds  to  178-6  Fahr.  rery  nearly,  or  the 
boiling-point  of  alcohol  of  0920,  specific  grATity.  The  following 
Table  gires  the  boiling  points  corresponding  to  the  indicated  densi- 
ties:— 
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epoonfdl  (thirty-five  grains)  of  common  colinaij  salt,  which  has 
ti^e  curious  effect  of  anesting  the  mezcuij  in  the  thermometer  at 
the  true  boiling-point  of  the  spirit,  wine,  or  beer,  to  enable  a 
correct  reading  to  be  had« 

'  The  thermometer  is  at  first  adjusted  to  an  atmospheric  pres- 
sure of  29*5  inches.  When  that  pressure  is  higher  or  lower,  both 
water  and  alcohol  boil  at  a  somewhat  higher  or  lower  tempera- 
ture. In  order  to  correct  the  error,  which  would  hence  arise  in 
the  indications  of  this  instrument  under  different  states  of  the 
weather,  a  barometrical  equation  is  attached  to  the  thermometer 
by  means  of  the  subsidiary  scale. 

Having  stated  the  principles  and  the  construction  of  the  ebulli- 
tion alcoholometer,  I  shall  now  describe  the  mode  of  its  applica- 
tion. 

'  I.  Light  the  spirit-lamp  A, 

'  2.  Charge  the  boiling  vessel  J?  with  the  liquid  to  be  tested  (to 
witidn  an  inch  of  the  top),  introducing  at  the  same  time  a  paper 
of  the  powder ;  then  place  the  vessel  JB  (the  damper-plate  being 
withdrawn)  on  to  the  lamp  A, 

*  3.  Fix  the  thermometer  D  on  the  stem  attached  to  J?,  with 
its  bulb  immersed  in  the  liquid.  The  process  will  then  be  in 
operation. 

'  The  barometrical  scale  indicated  on  the  thermometer  is  oppo-^ 
site  the  mean  boiling-point  of  water.  Vnor  to  commencing  opera- 
tions for  the  day,  charge  the  boiler  B  with  water  only,  and  fix  the 
instrument  as  directed;  when  the  water  boils  freely  the  mercury 
will  become  stationary  in  the  stem  of  the  thermometer,  opposite  to 
the  true  barometrical  indication  at  the  time.  Should  the  mercury 
stand  at  the  line  29*5,  this  will  be  the  height  of  the  barometer^ 
and  no  correction  will  be  required ;  but  should  it  stand  at  any 
other  line,  above  or  below,  then  the  various  boiling-points  will 
bear  reference  to  that  boiling-point. 

'  In  testing  spirituous  or  fermented  liquors  of  any  kind,  when 
the  mercury  begins  to  rise  out  of  the  bulb  of  the  thermometer 
into  the  stem,  push  the  damper-plate  half-way  in  its  grove,  to 
moderate  the  heat  of  the  fiame.  When  the  liquor  boils  freely, 
the  mercury  will  become  stationary  in  the  stem ;  and  opposite  to 
its  indication,  on  the  left,  the  undei^proof  percentage  of  spirit 
may  be  read  off  at  once,  if  the  barometer  stand  that  day  at  29*5 
inches;  while  on  the  right-hand  scale  the  percentage  of  proof 
spirit  is  shown ;  being  the  difference  of  the  former  number  from 
loa  The  damper-plate  is  to  be  immediately  pushed  home,  to 
extinguish  the  tlame. 

'The  alcoholometer  will  by  itself  only  indicate  the  percentage 
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of  aIcdIioI  contained  in  any  wine,  but  by  the  aid  of  the  hydro- 
nietei  the  proptttioiiate  quantity  of  wcchatmn  ia  all  wiiua  may 
be  readily  and  ea^y  determined.  In  teating  a  sample  of  Tine, 
first  take  the  spea&e  grarity,  and  suppose  it  to  be  9S9,  then 
chaige  the  boiler  of  the  alcoholometei  with  the  wine,  as  directed^ 
and  at  the  boiling-point  it  indicate  the  presence  of  alcohol  at 
69-6  per  cenf,  whose  specific  gnrity  will  be  found  to  be  979 ; 
deduct  that  gravity  from  the  gravity  of  the  bulli,  or  989,  and  10 
will  remaiit,  which  10  degrees  of  gravity,  upon  reference  to  the 
wine  Table,  will  be  found  to  repreaent  25  Ihs.  of  saccharine  or 
extractive  matter  in  every  100  gallons,  combined  with  30^^  gallons 
of  proof  spirit. 

'Sikes's  hydrometer  will  only  show  the  specific  gravity  of 
liquids  lighter  than  wat«r  (or  1,000),  and  for  winea  in  general  use, 
their  gravities  being  lighter  than  Uiat  article,  will  answer  ev^y 
purpose ;  but  there  are  wines  whose  gravities  are  heavier  than 
water,  such  as  Mountain,  Tent,  rich  Ualagas,  Lachrymes  Chriati, 
&c,  to  eiuhrace  which  additional  weights  to  the  hydrometer  will 
be  required,  as  for  cordialixed  spirits,  &c  In  testiDg  a  sample  of 
rich  Mountain,  its  s.g.waB  found  to  be  1039,01  39  degrees  heavier 
than  water;  thatwineat  the  boiling-point  indicated  the  alcohol  at 
7:-5  ptr  cont."'';   hut  9S0  s.p.  deducted   from   1039   lenyea    59 

"loTiibka 


BBANDT.  yj 

in  the  wort  by  tl\6  attenuation,  as  well  as  the  original  weight  of 
the  wort  prior  to  fermentation,  but  it  will  indici^  the  value  of 
malt  liquors  in  relation  to  their  component  parts.  It  will  likewise 
be  a  ready  means  of  testing  the  relative  value  of  worts  from  sugar 
compared  with  gndn^  as  well  as  being  a  guide  to  the  condition  of 
stock  beers  and  ales. 

'  To  ascertain  the  strength  of  malt  liquors  and  their  respective 
valueSy  the  instrument  has  been  supplied  with  a  glass  saccharo- 
meter,  testing-glass,  and  slide-rule.  Commence  by  charging  the 
testing-glass  with  the  liquid,  then  insert  the  saccharometer,  to 
ascertain  its  present  gravity  of  density  per  barrel,  and  at  whatever 
number  it  floats  that  will  indicate  the  number  of  pounds  per 
barrel  heavier  than  water. 

'  Example  1.— Suppose  the  saccharometer  to  float  at  the  figure 
8,  that  would  indicate  8  lbs.  per  barrel ;  then  submit  the  liquid  to 
the  boiling  test,  with  the  salt  as  before  directed,  and  suppose  it 
should  show  (the  barometrical  differences  being  accounted  for) 
90-*',  that  would  be  equivalent  to  10  per  cent,  of  proof  alcohol. 
Refer  to  the  slide-rule,  and  place  A  on  the  slide  against  10  on  the 
upper  line  of  figures,  and  facing  B  on  the  lower  line  will  be  18, 
thus  showing  that  18  lbs.  per  barrel  have  been  decomposed  to- 
oonstitute  that  percentage  of  spirit;  then,  by  adding  the  18  lbs. 
to  the  present  8  lbs.  per  barrel,  the  result  will  be  26  lbs.,  the^ 
original  weight  of  the  wort  after  leaving  the  copper. 

''  Example  2. — ^The  saccharometer  marks  10  lbs.  per  barrel,  and 
at  the  boiling-point  it  indicates  88-"p,  equivalent  to  12  gallons  of 
proof  spirit  per  cent. ;  place  A  aeainst  12,  and  opposite  B  will  be 
21^  lbs.  per  barrel,  when,  by  adding  that  to  the  10  lbs.  present, 
31^  lbs.  will  be  the  result. 

'  To  Ascertain  the  Belative  Value. — Suppose  the  price  of  the 
26  lbs.  beer  to  be  360.  per  barrel,  and  the  31^  lbs.  beer  to  be  40^. 
per  barrel,  to  ascertain  which  beer  will  be  the  cheapest,  place  26 
on  the  opposite  side  of  the  rule  against  36,  and  opposite  31^  lbs. 
will  be  45«.  yd.,  showing  that  the  latter  beer  is  the  cheapest  by 
3f .  yd,  per  barrel. 

'By  taking  an  aceount  of  the  malt  liquors  by  this  instrument 
prior  to  stocking,  it  may  be  ascertained  at  any  time  whether  any 
alteration  has  taken  place  in  their  condition,  either  by  an  increase 
of  trpint  by  after  fermentation  and  consequent  loss  of  saccharum, 
or  whether,  by  an  apparent  loss  of  both,  acetous  fermentation  has. 
not  been  going  on  towards  the  ultimate  loss  of  the  whole. 

*  This  instrument  will  likewise  truly  indicate  the  quantity  of 
spirit  per  cent,  created  in  distillers'  worts,  whether  in  process  of 
fennentation  or  ready  for  the  still :  the  only  difierence  will  be  in 
the  allowances  on  the  slide-rule. 
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'  N.B. — The  Bacehuometets  applicable  to  the  foregoing  rales 
for  beers,  nles,  &&,  bftve  been  adjusted  at  tbe  tampenture  60 
Fahrenheit,  and  vill  be  found  correct  for  general  purposea,  bnt 
where  extreme  minuteneBB  ib  required,  the  variatioti  of  tempera- 
ture must  be  taken  into  acconnt;  therefore,  for  ererir  10  degreaa 
of  temperature  above  60,  3-ioths  of  a  pomtd  must  be  added 
to  the  gross  amount  found  by  the  slide-rule ;  on  the  contrary, 
for  every  10  dcgreca  below  60,  3-iothi  of  a  pound  must  be  de- 
ducted. 

^For  QirdiaKsKd  Spiritt. — The  operation  in  this  instance  is 
somewhat  different  from  that  of  heen,  which  bave  the  alcohol 
n«ated  in  the  original  worts ;  whereas,  in  cordialiied  spirits,  giii:^ 
&c.,  the  alcohol  is  the  original,  and  tbe  Bacchaiine  matter,  or 
sugar,  is  an  addendnm. 

<  If  100  gallona  of  spirit  are  required  At  a  given  strength,  my 
50  per  cent,  under  proof,  50  gallons  of  proof  spirit,  with  tbe  addi- 
tion of  50  gallons  of  water,  would  effect  that  object,  and  npm 
testing  it  by  the  alcoholometer,  itwould  be  found  as  correct  aa  by 
the  hydrometer.  But  in  coTdializing  spirits  it  is  different,  for  to 
the  50  gallons  of  proof  sjarit  50  gallons  of  sugar  and  water  woold 
be  added,  thereby  rendering  tbe  hydrometer  nseleu,  except  tot 
taking'  the  specific  gravity  of  the  bulk,  and  according  to  the 
ouftntily  iif  FUfar  prt'Si'nt.  so  a  relative  qunntity  of  wnter  must 
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asoertuned  the  percentage  of  alcoholi  and  it  proves  to  be  SS'^^f 
the  8.g.  of  alcohol  at  that  strength  will  be  found  to  be  956; 
dedact  956  from  the  s.g.  of  the  bulk,  or  1076,  and  120  will  remain; 
refer  that  to  its  amount  on  the  head  line  of  Table  No.  IE.  namely 
120,  under  which  will  be  found  3,  representing  3  lbs.  of  sugar  to 
the  gallon ;  and  by  running  the  eye  down  its  column  to  opposite 
the  alcoholic  strength  indicated  (35-°^)  will  be  found  14*9,  which 
represents  the  percentage  of  water  displaced  by  the  sugar,  and 
which  amount  of  14*9,  added  to  the  35  per  cent,  ascertained^ 
makes  the  total  upon  the  bulk  49*9  per  cent."!*,  with  3  lbs.  of  sugar 
to  the  gallon. 

'  For  GmSf  8^, — Example  3. — In  taking  the  s.  g.,  suppose  it 
be  found  957  ;  then  submit  to  the  boiling-point,  and  it  proves  to 
be  14-"^  whose  s.  g.  is  937,  which  deducted  firom  957,  leaves  s.  g. 
20 ;  on  the  head  line  of  Table  No.  II.,  under  20,  will  be  found  ^, 
or  ^  lb.  of  sugar  to  the  gallon ;  and  on  running  the  eye  down  to 
the  opposite  14-"!'  will  be  found  3*0,  which  added  to  the  14,  makes 
the  total  on  the  bulk  17  per  cent**!'^  with  50  lbs.  of  sugar  to  the 
100  gallons. 

'  To  chemists  for  their  tinctures,  &c.,  this  instrument  will  be 
found  essentially  useful. 

'  N.R — Care  must  be  taken  that  the  mercury  is  entirely  in  the 
bulb  of  the  thermometer  before  it  is  fixed  on  Uie  stem  for  opera- 
tioDy  and  in  all  cases  (except  for  water)  the  salt  must  be  used. 

'  Conckuion. — ^Wines  are  peculiarly  subject  to  be  mystified  by 
adulterations  of  various  kinds.  It  will  prove  of  great  advantage 
to  the  public  when  the  relative  quantity  of  fruit,  or  saccharum, 
and  alcohol  requisite  to  constitute  the  normal  wine  of  each  species 
is  well  ascertuned. 

'  Some  beers  possess  a  remarkable  narcotic  power,  by  which 
they  cause  drowsiness  and  stupor  without  corresponding  previous 
exhilaration.  Such  beverages  may  justly  be  suspected  of  having 
been  sophisticated  with  coccuhis  indicus,  opium,  or  some  analogous 
drag;  and  this  suspicion  may  become  certainty  if  they  be  shown 
by  the  alcoholometer  to  contain  only  a  few  per  cents,  of  fermented 
apiiit.' 

The  table  No.  I.,  which  shows  the  specific  gravity  on  the  bulk 
of  the  mixture,  bears  reference  to  the  table  (No.  U.  on  p.  81)  of 
the  alcoholometer  following. 

Gm. — ^In  Muspratt's  'Chemical  Dictionary*  the  following 
xeceipts,  *  firom  the  note-book  of  one  of  the  most  extensive  and 
re^peictable  distillery  rectifiers  in  the  kingdom,'  are  quoted  to  show 
tiio  ' abfluid  and  uncouth'  fashion  of  the  prevalent  course  of  pro- 
^odiujn  in  the  manufiMStare  of  this  spirit : — 


I^^^^^^^^^^^^^H 

So                                              BSAXST. 

(Temprratnrc,  60°.       S^iMifa  GnTil;  orWaler,  I/XW°.} 

60       !       &>             ™       1       .20             140      1       >6o 

iSo 

wt.aG.'wi.}s.G.  Tt-'s.G.  wl|RC.  wl  S.Q. 

WL   S.G 

Wt, 

iO. 

60    Q2I ;  So  1  9*1  1"   =™   '»  '  '041    '♦» 

1065 

.&>  i.^ 

i3o 

"75 

>   ,9^4 

1      963       1    .001       i,iaH       I 

.087 

1    "31 

I 

..78 

a,9>6 

a     t^;      a    1004       a    1046       J 

.0S9 

»   "34 

»8o 

3  ,9iS 

3     967      3I.Q06       3    to<S       3 

1091 

3   "36 

3 

Ii8a 

4  'S30 

4     c*^      4    >oo8|      4    1<SD       4 

4   "39 

m8s 

S    93» 

5     97',      5    '<"ol      5    ">5a       S 

.096 

5  "4J 

5 

1.87 

6iW4 

6  1  975      6,K,.>i     6   .OS,       6 

.098 

«  "« 

6 

1.89 

7    9*> 

7     9?5      7    "M4'     7    '=S6       7 

1100    7;'>*s 

7 

8    <^ 

8     9K-      S    "=6       £    t.^       8 

.™       8  .MS 

8 

"94 

9  ,9V> 

9     «79      9    .0.3       g    .c«,       9 

..04.      9'"5» 

9 

i,^ 

70|9*> 

90    ^i  100   imo  >30   1063  .50 

.107    170  ..5a 

190 

1 199 

tlw3 

■     985      .   .oai      .    .9fc      . 

■■09I      >   "55 

=  |9*i 

a  '9^5      ','=41      a    1067       a 

nil      3  J1S7 

3  ,  t.'7      ;    liH* ;     3    1069       3 

Its       5»*rfi4 

4  ,  9S9       4  ■  1039        4    Ii>7l        « 

5  |9;i 

5  ,  99'       5    x-Ji ,      5    'OT4       5 1 

6  '955 

6     903      6    1031'      6    ioj6       6 

.ao|      6  1.66 

7    955 

7     993,      7    '=351      7    .1^       7 

«3|      7   "68 

8    957 

8  1  907'      E    .037       S    1060       8 

"5,      8   «I7' 

9  ,959 

0  !  099     9''ow'     9   >oa>      9 

"7'      9  "73 

8o,o6i   too  l.ooo  IJO .  .<m    iv>    <oS5    =6,1.  i.»9   iSo  ..75I 



So.  n. —  TbbU  Aoviing  th»  Ibt.  of  Sugar  ptr  a. 
Kitk  tkt  per  eattaget  to  be  added  to  tht  indi 
Aleoholometer, 


DiffTCNCf  Q 

tat. 

6*7. 

tai. 

=5 

IJM. 

35 

40 

-^ 

50 

Orttvity." 

iiaofaieH 

37i 

J£^ 

%),' 

llH.oiaiiB»r 

perO^llon. 

loioa 

— 

""" 

<-o 

I'a 

''4 

Sp.ar 

Pr-Ct. 

Hplril. 

Sp.Ot. 

t>^ 

S.J.. 

Spirit 

9ao 

1-6 

a'5 

34 

4;4 

S'3 

6a 

71 

9-0 

Pf. 

920 

9=3 

a-s 

1-6 

="5 

3 '3 

S'i 

6-1 

6-9 

8-8 

=  5 

9*3 

936 

5' 

■-S 

=^4 

3-a 

4-3 

5-0 

5-9 

«-a 

77 

8-d 

5* 

9=6 

9=9 

TS 

';5 

^3 

3-a 

41 

4'9 

5-8 

6-6 

rs 

8* 

75 

939 

933 

dTa 

3-i 

4'o 

4-8 

5-7 

1*5 

7"4 

8-2 

93a 

935 

12-5 

3'» 

3'9 

4T 

5-5 

6-3 

j-i 

'^5 

933 

938 

<5' 

3*0 

3-8 

45 

5'4 

6-a 

7-0 

'5' 

938 

9*0 

:"7-5 

»*3 

2-1 

a-9 

37 

4'S 

S'3 

6-0 

7-6 

'7'S 

940 

M3 

JO- 

»-3 

a -8 

3-6 

4'4 

S-3 

5-9 

t? 

?-s 

io' 

943 

945 

MS 

'[3 

2-0 

a '7 

JS 

4*3 

j-Q 

57 

e-6 

7;3 

32-5 

94S 

9+8 

iS- 

■■9 

a-6 

3'4 

4' 

48 

S"S 

6-3 

=s- 

9t8 

99° 

ars 

T9 

a;s 

3"3 

■**s 

47 

S'3 

61 

6-8 

a7S 

9Sa 

30. 

1-8 

3-' 

5-3 

45 

S-' 

3-S 

6-s 

30' 

933 

95* 

3^5 

»-7 

a-3 

3-0 

3-6 

4-3 

45 

ss 

e-3 

3»'S 

93+ 

95O 

35- 

I'O 

1-6 

a-a 

3-9 

3-S 

4« 

5;3 

6-0 

35- 

95S 

958 

SJ'i 

i-d 

ft*i 

a-8 

3"4 

3-9 

4*4 

5-a 

37 '5 

95B 

960 

W 

■9 

I'S 

37 

3;= 

3-8 

4-3 

4-9 

s-S 

40' 

960 

9&1 

+*5 

■9 

J^S 

a-Q 

a -6 

3-6 

4'i 

47 

53 

4a;s 

96a 

464 

45- 

■9 

■■9 

a-S 

3''* 

3-3 

4-0 

46 

S'l 

064 

96S 

■473 

■a 

*'4 

1-9 

=■4 

a -9 

3-4 

3'9 

4-4 

4'9 

47-5 

965 

9^ 

sp- 

•8 

■;3 

i-B 

=-3 

3*3 

3-8 

4'3 

4-8 

So- 

967 

969 

5=5 

■7 

a-6 

3'i 

3-6 

41 

4 '3 

3*5 

969 

55- 

a-4 

a-9 

3'4 

3-8 

4*3 

55' 

970 

97a 

5r5 

-6 

\5 

'■9 

3t 

3 '7 

3-" 

35 

3 '9 

srs 

9?S 

973 

6o- 

1-8 

a-s 

4-9 

3-3 

3-6 

6o- 

973 

974 

fij-5 

■6 

'■3 

17 

a-7 

3*1 

35 

974 

976 

65- 

■5 

»;s 

t-B 

=  5 

976 

977 

^5 

'3 

-8 

'7 

3.3 

a-6 

3-9 

673 

977 

9?5 

70- 

■7 

i;3 

15 

i-a 

979 

980 

ts-S 

'4 

■7 

■9 

J  "3 

1-6 

1-9 

3;3 

7»-S 

980 

963 

75' 

■3 

■6 

■B 

1-6 

rS 

73' 

983 

983 

775 

"3 

■7 

-9 

I-o 

'4 

1-6 

1-6 

9Bj 

984 

So- 

■-4 

-B 

'9 

1-e 

984 

986 

Bj-5 

;3 

5 

7 

-B 

■9 

1*3 

8a  S 

9B6 

988 

85- 

■"4 

■6 

■7 

-8 

■9 

«5- 

988 

990 

87-5 

;3 

;5 

-6 

'7 

■8 

'9 

srs 

990 

99= 

90- 

5 

& 

7 

■9 

99a 

994 

9*5 

■3 

■4 

'S 

-6 

■7 

•a 

994 

9^ 

9S- 

■3 

■4 

;s 

-6 

9S- 

996 

99a 

975 

~ 

~ 

- 

"^ 

■3 

■5 

■6 

97'5 

998 

Cordial  Om.— Talre  700  gallons  of  the  product  of  the  ttfond 
nctificfttiaa — (if  tho  improved  atillB  are  used,  the  product  of  the 


fir^  diBtUlation  aiuweis) — and   mix  It  ynXb.  the  folloiriiig  in- 
gredjenta: — 

70   lbs.  Germfm  juniper  benies, 

56    lbs.  coriander  seeds, 

5  lbs.  &lmond-cake,  embed  and  broken, 
1}  lU  orris-Toot,  broken, 

3}  lbs.  angelica-Toot, 
\  lb.  caidamum,  or  instead  of  thia 

6  lbs.  liquorice-powder  are  sometimea  added. 

Force  the  first  ruimiDg  of  the  working,  or  about  200  gaUons,  bj 
reducing  it  to  50  under  proof,  adding  three-quarters  of  a  pound  of 
alum  boiled  in  two  quarts  of  water.  In  adopting  this  receipt, 
make  a  double  workiug  of  it,  with  twice  the  quantity  of  the 
Ingredients.  Work  in  the  flavouring  in  the  first  charge  of  recti' 
fied  spirit,  having  in  the  back  twp  or  three  inches  of  the  usual 
charge  to  make  up  with  hquor,  and  prevent  the  bottom  of  the 
etill  from  injmy  bj  the  charring  of  the  large  amount  of  ingredienta 
depositing  upon  it.  Turn  the  distillate  into  another  back,  and 
redjice  to  50  per  cent.  laitfer  proof;  force  with  a  pound  and-a-half 
of  alum,  and  pump  into  ^nvg-cask ;  then  charge  with  rectified 
spirit,  and  work  into  back  containing  goods  from  preceding  charge, 
ji  duwn  j;iu  from  slore-cHrlt,  iind  make  up  to  strength  ryijuireJ— 
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4  lbs.  angelica-rooty 
6  lbs.  calamus-root, 
6  lbs.  almond-cake, 
^  lb.  cardamum. 

Dr.  CAiCEBOir,  Professor  of  Hygiene  in  the  Hoyal  College  of 
Surgeons,  Dublin,  has  contributed  a  remarkable  article  to  the 
'Dublin  Journal  of  Medical  Science'  on  *  Whisky.' 

*  During  the  fermentation  of  the  grain  used  in  the  preparation 
of  whisky,'  says  the  Doctor,  '  two  species  of  alcohol  are  formed, 
namely,  ethylic,  or  vinic  alcohol,  and  amylic  alcohol.  The  former 
boils  at  173^  Fahr.,  the  latter  at  269°  Fahr. }  therefore  they  can  be 
readily  separated  by  careful  distillation. 

'Amylic  alcohol,  or  fusel-oil,  as  it  is  commonlj  termed, 
possesses  a  most  acid  burning  flavour  and  an  oppressive  odour.  A 
very  minute  trace  of  it  in  ethylic  alcohol  greatly  injures  the  flavour 
and  odour  of  the  latter.  If  the  fusel-oil  is  remowi  from  whisky 
'by  rectification,  with  it  are  also  taken  out  various  others  of  the 
adds  of  the  acetic  series,  and  the  whisky  is  converted  into  common 
Sfiint  of  wine,  which  few  would  care  to  substitute  for  whisky  or 
brandy,  notwithstanding  its  purity.  The  fusel-oil  and  the  sub- 
stances associated  with  it  must  therefore  be  allowed  to  remain  in 
the  whisky  tmtil  in  the  course  of  time  they  are  converted  into 
those  compounds  of  agreeable  odour  and  flavour  which  charac- 
terize old  whisky.  Those  who  relish  a  flery  whisky  do  not  object 
to  that  which  contains  a  large  amount  of  fusel-oil ;  on  the  con- 
trary, they  regard  with  suspicion  and  ill  favour  a  glass  of  Jame- 
son's five-year-old  mild  whisky. 

'  New  whisky  is  much  cheaper  than  old,  and  the  bad  flavour 
(to  refined  palates  at  least)  of  the  former  is  often  attempted  to  be 
disguised  by  the  addition  of  flavouring  materials.  For  this  purpose 
the  following  materials  are  used: — Sherry  wine,  tartaric  and 
acetic  acids,  sugar,  pine-apple  and  other  £ruit  essences,  tincture  of 
prunes,  acetic  ether,  oil  of  wine,  spirit  of  nitrous  ether,  glyceriae, 
green  tea,  and  various  other  substanoei.  A  mixture  of  burnt  sugar, 
sherry,  acetic  ether,  and  tartaric  acid,  is  very  commonly  used  to 
'^convert  new  whisky  into  old.''  These  substances  are  used  in 
very  small  quantities ;  and  it  is  doubtful  if  they  ever  produce  any 
bad  efiects  upon  the  animal  economy.  They,  however,  are  objec- 
tionable, because  they  are  often  the  means  of  indacing  people  to 
drink  whisky  largely  contaminated  with  fusel-oil. 

'Amylic  alcohol  is  almost  deserving  of  the  name  of  rank 
poison.  A  small  quantity  of  it  in  whi^y  renders  the  latter  an 
onwholesome- liquor ;   and  the  bad  eflectt  which  we  eonstantiy 
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hear  attributed  to  the  use  of  adulterated  -whisky  an  nodoabtedlf 
due  to  the  use  of  new  whisky  largely  contaminated  vitb  fcsel- 
oil.  The  aale  of  such  whisky  should  he  prohihited.  For  thie  pur- 
pose it  would  only  be  necessary  to  prevent  the  removal  of  .spirits 
from  the  bonded  warehouses  until  after  at  least  one  year's  storage. 
Wo  have  reason  to  believe  that  whiskj  is  sold  in  country  districts 
almnst  immediately  after  its  manufacture.' 

Forty  per  cent,  of  the  insanity  flesh  is  heir  to  in  these  days  is 
aaaerted  by  medical  men  to  be  attributable  to  drunkenness.  Fusel 
and  essential  oil  knocks  down  these  dipsomaniacs  at  night,  only  to- 
pick  them  up  ag-nin  in  the  morning.  If  people  must  drink,  why 
not  drink  robur,  the  new  tea-spirit,  which  is  not  only  free  of  fusel 
and  essential  oil,  but  contains  the  well-known  refreshing  propertiea 
of  tea,  which  is  a  nervine  tonic,  and,  with  the  alcoho^  forms  a 
tonic  stimulant,  which  it  stands  to  reason  must  be  wholesome  F 

'  It  would  bo  well  for  the  general  public  if  experiments  were 
made  in  hospitals  upon  cooRnned  dipsomaniacs,  to  test  the  e<Tects 
of  robur  on  their  systems.  By  this  means  they  might  by  degrees 
be  weaned  of  wliisky,  and  eventually  led  round,  by  way  of  teft- 
spirit,  to  teetotaliflra.  This  would  be  a  eonsummatdon  devoutly 
to  be  wished.  It  is  to  be  feared,  however,  that  in  many  cases  the 
vantage  ground  thus  gained  would  only  be  held  long  enough  to 
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1711;^  ii|iiiliiiiil  It  coDbuned  veiy  common  spirit,  vhich  tasted 
verj' .paiferfull;  of  fusel-oil,  a  quantity  of  itna  oak-bark  liquor, 
and  an  sbvndance  of  augkr. 

iniiftg*  (nntota  Ooio,  Orjvooali  Simllarf  PrUio«  Bnpertfa 
WiMai,  Mn^book,  KumUalm  Oold).— Brass  is  one  of  tha  most 
importaot  allojs;  it  consists  cbieflj  of  copper  and  of  zinc,  in 
Tarions  proportions,  accordiog  to  tbe  use  for  which  it  is  intended. 
Beaidee  copper  and  zinc,  brass  contains  often  a  certain  proportion 
of  tin  and  of  lead.  We  give  here  the  result  of  tbe  analyaia  of 
several  Idnda  of  this  alloy. 
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The  anslyais  of  brass  may  be  performed  as  follows : — The  alloy 
is  dissolved  in  nitric  acid,  and  the  solution  concentrated  by  eva- 
poration ;  tbe  tin  is  left  in  an  insoluble  state  as  peroxide,  and  may 
be  collected  on  a  tilter,  washed,  dried,  ignited,  and  wei);hed  100 
parte  ^  7866  metallic  tin.  Tbe  filtered  liquor  id  still  further  con- 
centrated and  sulphuric  acid  added,  then  water,  with  half  its  bulk 
of  alcohol.  This  produces  a  precipitate  of  sulphate  of  Uad^  which 
ia  collected  on  a  hlter,  washed,  dried,  ignited,  and  weighed  100 
^arts  of  sulphate  of  lead  =  68-3  metallic  lead.  The  filtrate  is  satu- 
mted  with  sulphuretted  hydrogen,  whereby  the  copper  ia  pre- 
cipitated as  sulphide,  which  ia  received  in  a  filter  and  washed  as 
quicldy  as  posubla  with  water  impregnated  with  sulphuretted 
hydrogen ;  it  is  removed  as  completely  as  possible  from  the  filter, 
-which  is  then  dried  and  ignited,  and  tbe  residue  mixed  with  the 
bulk  of  the  precipitate.  Tbe  sulphide  of  copper  is  decomposed  by 
^digesting  it  with  dilute  nitro-hydrochloric  acid,  and,  the  sulphur 
being  separated,  the  solution  is  evaporated  with  tbe  addition  of 
«alpharic  add  until  the  nitric  acid  is  entirely  expelled ;  a  large 
qaanti^  of  water  is  then  added,  and  the  oxide  of  copper  is  pre- 
43pitated. by  caustic  potassa  at  a  boiling  temperature.  The  ignited 
precipitate  contains  79-87  per  cent,  of  metallic  copper.  From  the 
filtrate  from  tbe  milphida  of  copper  the  a'ne  is  predpitated  by 
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boiling  with  carboDate  of  potasmum  or  Bodium.  The  banc  cat^ 
boQate  of  zinc  thus  formed  is,  after  vaahing  and  dicing,  atoonglj 
ignited,  bj  -which  it  is  conTerted  into  oxide,  which  contains  80-27' 
per  cent  of  metallic  line 

SBKAS. — The  foUowing  excellent  article  on  Bread  and  its 
Adulteral ions  is  taken  from  'The  SanitBiian,'Bii  American  monthly 
journal,  publiahed  by  A.  S,  Babsbs  &  Co.,  New  York  (July  1873) : — 

'  Experience  has  everywhere  shown  that  bread  made  from  tli9 
cereal  grains  contains  more  of  the  essentials  to  the  support  of  adult 
human  life  than  auy  other  artdcle  of  food.  To  the  cereal  grains 
may  be  added  buckicheat,  which,  although  belonging  to  a  different 
family  of  plants,  is  nevertheless  in  its  composition  anialogous  to  the 
cereal  grains.  The  superior  adrantages  of  wheaten  Sour  as  an 
article  of  food  consist  in  the  great  variety  of  its  component  parts  ; 
it  is  virtually  a  mired  diet.  When  carhonic  acid  gas  is  in  any  way 
formed  in,  or  forced  into,  dough  made  of  wheaten  floui,  so  as  to 
divide  it  into  a  number  of  little  cavities  previouR  to  or  during  th» 
process  of  baking,  bread  is  made.  This  is  ordinarily  accomplished 
by  one  of  the  two  fallowing  methods : — 

'  first.  By  mixing  the  flour  with  hot  water  and  adding  yeast, 
andkneadingitinto  dough;  fermentation  tidies  place,  carbonic  add 
is  disengaged,  but  the  tenacity  of  the  gluten  prevents  its  escape, 
and  the  doucrh  is  in  con  dequeues  diAtended  into  a  cellular  n 
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of  amaluig  the  excessive  generation  of  lactic  acid.  From  20  to 
25  cubic  feet  of  carbonic  acid  gas  are  used  for  a  barrel  of  flour, 
and  about  one-half  of  the  carbonic  acid  is  actuaUy  incorporated 
-with  the  flour. 

'  A  barrel  of  flour  will  make  from  63  to  73  good  4-lb.  loaves 
of  bread.  The  baker  always  endeavours  to  incorporate  as  much 
water  as  he  can,  to  increase  the  number  of  loaves. 

'  Good  bread  contains  about  33  per  cent,  of  water ;  all  over 
this  proportion  is  excess.  The  lightness  or  sponginess  of  bread  is 
its  chief  attribute  in  digestibility.  Common  salt  stifiens  the 
dough,  whitens  and  flavours  the  loaf. 

*  CHie  following  is  the  composition  of  wheaten  flower,  accord- 
ing to  the  mean  of  fourteen  analyses  by  Peligot  and  others,  as 
given  by  Dr.  Pabxes  in  his  "  Practical  Hygiene  " : — 

'  Wheaten  Flour  and  Bran, 


In  xoo  parte 


Water 

Fatty  matters  •  •  . 
Nitrogenous  matters  (gluten) 
Albuminous  matters 
Dextrine  and  sugar 
Cellulose  .  .  .  . 
Starch  •  •  .  •  • 
Mineral  salts 


Flour 
14-0 

1*2 

12-8 

1-8 

77 

17 

507 

1-6 


Bran 

io'3 

2-82 

10-84 

1-64 

5-80 

43-98 
22*62 

2*52 


'Everything  else  being  equal,  the  greater  the  amount  of 
gluten  in  flour  the  more  valuable  it  is,  because  the  more  nutritious ; 
and  this  it  is  which  gives  the  flour  of  wheat  its  chief  distinction — 
it  contains  more  gluten  than  any  other.  Gluten  is  easy  of  diges- 
tion and  highly  nutritious,  and  flour  which  contains  it  in  greatest 
abundance  is  proportionably  valuable.  The  whiteness  of  flour  is 
no  criterion  of  its  good  quality,  as  the  bran  or  coloured  crust  of 
wheat  contains  a  larger  proportion  of  gluten  than  the  more  central 
parts  of  the  grain,  and,  besides,  all  of  the  fatty  matter,  and  most 
of  the  salts.  Bread,  therefore,  made  of  flour  fiom  which  the  bran 
has  not  been  separated  is  for  healthy  persons  both  more  nutritious 
and  more  wholesome ;  but  for  the  sick,  and  especially  for  per- 
sons affected  with  bowel  complaints,  bran  bread,  or  flour  from 
which  the  bran  has  not  been  separated,  is  sometimes  fraught  with 
mischief.  Very  flnely-sorted  flour,  that  is,  purely  whitcy  by  the 
total  abstraction  of  the  flouring  matter,  is  frequently  one-third 
leas  valuable  in  the  quality  of  bread  it  will  make  than  other  of 
lees  whiteness,  owing  to  the  presence  of  a  larger  proportion  of 


gluten.    The  proportion  of  gluten  also  depends  somewhat  npon 

the  climate  in  which  the  wheat  is  grown,  that  of  warm  climates 
being  the  ricbeat ;  and  to  this  quali^  is  due  the  superior  fitness  of 
flour  in  the  Bouth  of  Europe  for  the  manti&cture  of  mscaruni, 
Termicelli,  and  Cagliari  paste,  which  is  almost  pure  gluten. 
Hence  it  is  of  paniaiount  importance,  in  estimating  the  value  of 
flour,  to  ascertain  the  proportion  of  gluten  it  contains.' 

Amount  of  Mouture. — To  get  at  the  amount  of. gluten  pre- 
sent, the  sample  must  first  be  examined  for  moiatuie,  for  this  is 
not  only  one  of  the  most  common  frauds  in  bread,  but  a  frequent 
wilful  adulteration  of  iiour.  As  already  shown,  the  proportion  of 
water  natuiall;  present  in  good  floor  is  about  14  per  cexA,  If 
flour,  before  packing,  ia  expoaed  to  a  damp  atmosphere,  it  Tery 
readily  absorbs  moisture  eren  to  a  destructive  extent,  insomut^ 
that  it  will  heat,  ferment,  and  clod ;  and  such  flour  will  he  found 
to  have  increased  froni  12  to  15  per  cent  in  weight.  The  effect  of 
excesaive  moiaturo  in  flour  is  to  destroy  the  adhesive  proper^  of 
the  gluten,  and  render  it  unflt  for  bread;  it  also  favours  th« 
growth  of  moald,  which  renders  bread  poisonous.  The  quantaty  of 
moisture  in  flour  can  be  ascertained  by  heating  it.  Take  any 
given  quantity,  say  too  grains,  spread  it  out  on  a  plate,  and 
carefully  dry  it  over  a  stove,  oven,  or  hot-air  bath  for  an  hour, 
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The  quantity  of  crude  gluten  in  good  flour,  when  dried^  is 
about  14  per  cent }  but  in  the  best  southern  flour  it  sometimes 
amounts  to  22  per  cent 

Ihire  gkUen  is  obtained  by  boiling  crude  gluten  in  alcohol,  and 
evaporating  the  filtered  solution  to  dryness.  In  its  composition  it 
closely  resembles  muscular  fibre.  Flour  which  yields  less  than 
8  per  cent,  should  be  condemned. 

Adulterations, — The  quality  of  gluten  is  changed,  and  its 
quantity  lessened,  by  the  following  adulterations  of  flour : — 

1.  Moisture — already  described. 

2.  Hye  Hour. — When  this  is  present,  the  gluten  is  dark- 
coloured,  shiny,  and  easily  separated. 

3.  Barley  Flour. — This  gives  to  gluten  a  dirty-red  colour;  it 
28  eadly  separated  into  masses,  but  dan  be  drawn  out  into  filaments 
which,  quickly  dried,  become  contorted. 

4.  OatmeaL — By  this  the  gluten  is  changed  into  a  yellowish- 
black  colour,  and  the  appearance  of  a  nxmiber  of  fine  white  specks 
on  the  surface. 

5.  Pea  Meal, — ^The  gluten  is  obtained  with  unusual  facility  by 
A  mixture  of  this  substance  with  flour,  but  it  is  of  a  greenish 
colour,  and  has  the  characteristic  odour  of  peas. 

6.  JBean  Meal.  —  Somewhat  like  the  last  in  giving  off  the 
peculiar  odour  of  beans,  but  renders  the  gluten  hard  to  obtain, 
and  much  altered  in  properties ;  instead  of  being  adhesive  it  is 
alippeiy,  not  easily  spread,  and  of  a  light  yellowish  colour. 

7.  Potato  Starch  and  Bice  Flour. — These  only  dilute  the 
gluten  without  chan^g  its  quality,  as  they  consist  principally 
of  starch;  this  substance  is  the  adulteration  to  be  tested.  For 
this  purpose  take  a  small  portion  of  the  flour  to  be  examined,  and 
add  to  it  an  equal  quantity  of  fine  sand ;  by  triturating  this  mix- 
tare  in  a  mortar,  the  starch  granules  are  broken  up  ;  then  add  water, 
a  little  at  a  time,  until  a  homogeneous  paste  is  formed.  Let  the 
mixture  stand  a  short  time  and  filter  it.  To  the  filtered  liquid 
add  an  equal  quantity  of  an  aqueous  solution  of  iodine.  If  the 
flour  be  pure,  the  liquid  becomes  of  a  rosy  tint,  inclining  to  red, 
bat  the  colouring  quickly  disappears ;  if  starch  has  been  added, 
the  solution  is  violet  coloured,  and  slowly  disappears. 

Mineral  Adulterations, 

8.  lAtne. — After  letting  the  milky  fluid,  obtained  in  washing 
oat  the  gluten,  stand  long  enough  to  settle,  pour  off  the  clear 
wftter,  carefully  turn  out  the  cake  at  the  bottom,  and  dry  it.  The 
top  of  this  (being  the  bottom,  of  the  sediment)  usually  contains 
«acb  adulterations  as  may  have  been  added  to  give  weight ;  white 
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SEtnd  ia  sometimes  found.  T&ke  a  portioii  of  thia  Bediment,  bom 
it  to  aahes,  tmd  to  these  add  nitric  acid.  If  limt  ia  present,  thera 
irill  probably  be  efTeireacaDce.  Nentraliie  the  add  solutiona  witli 
ammonia,  and  add  oxalic  add :  the  occonencs  of  a  predpitata 
vill  indicnte  the  presence  of  lime. 

9.  Alum. — This  is  one  of  the  most  common  of  all  adultera- 
tions )  it  is  added  to  flour  to  make  the  bread  white,  and  to  fadli- 
tato  the  incorporation  of  water.  To  detect  it  thoroughly,  char 
(not  incinerate)  1000  grains  of  the  cmm  of  the  bread  in  a  covered 
plfttinum  cnidble.  Powder  the  charred  man  in  a  clean  iron 
mortar,  And  put  the  powder  into  a  glasi  flflak  with  a  namrw  neck ; 
add  two  drams  of  hydrochloric  add,  half  a  dram  of  nitric  acidf 
and  two  drams  of  water.  GenUy  beat  to  dryness  on  a  sand-bath  ; 
when  dry,  boil  for  a  few  mioutes  with  half  an  ounce  of  water, 
contdniog-  bh  excess  of  pure  caustic  eoda  made  by  the  direct 
oudation  of  tbe  metal ;  about  10  grains  will  be  suffident.  initer 
and  agun  boil  the  charred  mass  with  two  dnnu  of  wat«r,  filtrat- 
ing through  the  same  filter  paper,  adding  thia  filtrate  to  tbe 
former  one.  Thia  should  be  allowed  to  stand  at  night,  so  tbat  the 
Uqnid  may  filter  through  completely.  Carefully  neutralise  the 
liltmte  with  hydrochloric  add ;  add  now  5  grains  of  phosphate  of 
sodium,  and  then  ammooia  in  slight  excess,  so  that  the  predpitate 
and  welglit  is  as  phosphate  of   aluminium,  loO  parts  of  whicli 
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and  a  few  drops  of  carbonate  of  ammonium  are  added ;  on  cooling 
there  will  be  a  copious  precipitate.  Filter  and  boil  to  expel  the 
excess  of  ammonia,  and  then  add  a  few  drops  of  nitric  acid. 
Divide  the  liquid  into  two  portions ;  to  one  add  ferrocyanide  of 
potassium,  and  to  the  other  hydrosulphuret  of  ammonia.  If  there 
is  the  least  particle  of  copper  present,  the  former  will  giye  a  red- 
dish brown,  and  the  latter  a  d^k  brown  precipitate. 

For  the  discovery  of  the  various  mixtures  of  flour,  meal,  starch, 
&C.,  to  the  practised  microscopist  no  other  means  are  so  simple 
or  so  accurate  as  the  microscope ;  under  it  the  various  sizes  and 
shapes  of  the  granules  in  different  substances  are  displayed  with 
unerring  certainty. 

,  See  Antimony. 
See  Kelp. 
. — This  substance,  which  is  used  to  some  con- 
siderable extent  for  the  daguerreotype  and  other  purposes,  is  a 
liquid  of  a  deep  reddish-brown  colour,  of  a  disagreeable,  suflb- 
cating  odour  resembling  that  of  chlorine  gas.  Its  specific  gravity 
is  2*966,  and,  when  pure,  it  boils  at  1 16°  Fahr.  The  bromine  of 
commerce,  however,  often  requires  a  temperature  of  248°  Fahr.  to 
boil,  which,  according  to  M.  Poseloeb,  is  owing  to  the  presence 
of  variable  proportions  of  bromide  of  carbon,  resulting  from  the 
simultaneous  action  of  bromine  upon  the  ether  and  alcohol  em- 
ployed in  its  preparation. 

Bromine  may  be  purified  by  distilling  and  collecting  only  the 
fixBt  portions  that  pass  over. 

Pure  bromine  is  only  sparingly  soluble  in  water ;  but  it  dissolves 
better  in  alcohol.    Its  best  solvent,  however,  is  ether. 

M.  PosELGER,  in  the  *  Poggendorf 's  Annalen,'  says : — 

'  During  the  distillation  of  certain  samples  of  bromine  of  com- 
merce, I  observed  that  the  boiling-point  of  the  liquid  stood  at 
478*4  instead  of  251*6°  Fahr.,  and  that  the  liquid  acquired  a  lighter 
and  lighter  colour,  and  became  in  the  end  perfectly  colourless.  I 
carried  the  distillation  to  dryness,  and  found  a  residue  of  charcoal. 

'  In  separating  the  bromine  from  the  last  portion  of  the  dis- 
tilled liquid  by  means  of  solution  of  potash,  an  oily  aromatic 
colourless  liquid  was  obtained,  which,  upon  analysis,  turned  out 
to  be  bromide  of  carbon. 

*  This  admixture  of  bromide  of  carbon  was  found  in  divers 
samples  of  bromine  of  commerce  to  the  extent  of  6  to  8  per 
cent  of  the  article.  It  is  most  probable  that  the  bromide  of  car- 
bon owes  its  origin  here  to  the  ether  used  for  the  preparation  of 
the  bromine.' 

W«^^«««*^  at  yotasslimu — ^When  this  salt  is  suspected  to  bo 
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mixed  with  iodide  of  potaniam,  place  B  few  graina  on  a  p*p«r 
previouBlf  impregnated  with  etarch  paste;  moisten  it,  and  adioit 
a  small  quantity  of  chlorine  gas,  wheiebf  llie  iodine  is  set  treo, 
and  the  paper  coloured  blue.  A  better  test  is  the  use  of  bromine 
water,  added  to  the  aalt  after  it  haa  been  placed  in  beniol ;  if 
the  latter  becomes  red-coloured,  iodine  is  preaent. 

Detection  of  Cbiondt  tn  Sromtde  of  Totamttm. — The  btgmida 
is  first  tested  for  iodine.  For  this  purpose  a  small  quantity  of  the 
salt  is  dissolved  in  water  in  &  test-tube,  and  an  equal  volume  of 
^lulphide  of  carbon  added.  Upon  the  addition  of  a  few  drops  of 
bromine  water  the  disulphide  becomes  coloured  violet  under  the 
influence  of  iodine  if  this  be  present  When  this  is  the  case,  the 
whole  of  the  iodine  must  be  removed.  About  ten  grammes  of  the 
salt  are  dissolved  in  distilled  water,  and  bromine  water  added 
until  tlie  violet  vapours  are  no  longer  visible  upon  boiling  ;  the 
eolution  Ib  then  evaporated  to  dtTness  to  remove  the  ezceas  of 
bromine,  and  thus  is  obtained  a  bromide  of  potassium  free  bom 
iodide,  but  which  ma;  contain  chloride. 

The  remainder  of  the  process  depends  upon  the  fact  that  a 
given  weight  of  chloride  of  potassium  requires,  for  complete  pre- 
cipitation, a  much  greater  amount  of  a  etandaid  solution  of  nitrate 
of  silver  than  the  same  weight  of  bromide  of  potassium:  while  the 
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(SeU-metalf  Omi-metal). — The  above  alloys 
consist  chiefly  of  copper  and  of  tin  in  yarious  proportions,  with 
sometimes  a  small  quantity  of  zinc  or  of  lead,  or  of  both  zinc  and 
lead.    The  results  of  several  analyses  are  as  follow : — 
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Analysis  of  Bronze^  BeU-,  or  Oun-metal. — The  following  pro- 
cess has  been  employed  for  some  years  in  H.  Saintb-Clairb 
I>EViLLE*s  Laboratory  at  the  ificole  Normale  (*Chem,  News') : — 

Dissolve  about  five  grammes  of  the  alloy  in  strong  nitric 
acid ;  boil  for  about  twenty  minutes ;  dilute  with  two  or  three 
times  its  bulk  of  water,  and  boil  again  for  the  same  time.  Sepa- 
late  the  insoluble  oxide  of  tin ;  wash,  calcine,  and  weigh.  The 
nitiie  add  solution  freed  from  the  tin  is  evaporated  to  diyness, 
and  the  residue  calcined  at  a  dull  red  heat.  Li  this  manner  a 
mixture  of  oxides  is  obtained  in  sufficient  quantity  to  suffice  for 
at  least  two  analyses. 

About  two  grammes  of  the  finely  pulverized  oxides  are  placed 
in  a  small  platinum  or  porcelain  boat,  and  introduced  into  a  small 
glaas  tube,  closed  with  a  good  cork,  suitable  for  weighing.  The 
boat,  the  tube,  and  the  cork  having  been  previously  weighed,  the 
weight  of  the  oxides  is  obtained,  after  they  have  been  heated  to 
dull  redness  in  the  apparatus,  through  which  a  current  of  dry  air 
circulates.  After  having  weighed  the  whole,  the  current  of  air  is 
replaced  by  diy  hydrogen,  and  the  tube  is  heated  over  a  lamp 
until  the  contents  cease  to  lose  weight.  It  then  contains  unreduced 
oxide  of  smcj  together  with  copper ,  lead,  and  iron  in  the  metallic 


The  colour  of  the  product  shows  the  operation  when  the  expe- 
nment  is  concluded.  On  weighing  again,  the  loss  of  weight  indi* 
eates  with  great  accuracy  the  amount  of  oxygen  contained  in  these 

three  metala. 

If  the  iron  and  lead  are  present  in  inappredable  quantities, 
bj  multiplying  this  loss  by  five  will  be  given  very  nearly  the 
weight  of  copper  present,  and  in  consequence  the  composition  and 
the  alloy  itselt  In  an  approximate  analysis  of  gun-metd,  the  opera- 
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tioD  will  therefore  be  terminated.  I^  however,  «  complete  ana- 
lyus  is  required,  proceed  aa  follows : — 

Prepare  a  rougUy  standard  solutida  of  pnre  Bulphmic  add. 
Of  this  solution,  in  zoo  or  300  cc.  of  water,  t^e  a  suSdent  qaaii> 
titj  to  disBoIve  about  double  the  omooiit  of  the  mixed  iron  and  Einc 
which  are  supposed  to  be  present.  Boil  the  arad  Uqnidto  com- 
pletely ezpel  the  eir,  and  cool  it  in  a  flaak,  which  should  be  almost 
full  and  well  corked ;  then  introduce  into  it  the  platinum  or  por- 
celain boat,  coctaining  the  oxide  of  zinc  and  the  reduced  metala. 
The  oxide  of  zinc  quickly  dissolves,  together  with  the  iron,  the 
solution  of  which  is  facilitated  by  the  presence  of  the  metaUie 
copper.  The  copper  and  lead  remain.  The  flaak  must  be  fre- 
quently shaken,  so  as  to  diffuse  these  metala  throughout  the 
liquid,  and  the  whole  is  allowed  to  stand  for  some  hours ;  the 
dear  liquid  is  then  carefully  decanted,  and  the  metals  wuhed 
with  boiling  water. 

The  solution  contains  only  the  solphatea  of  nnc  and  iron; 
ovaporate  to  dryness,  heat  the  sulphates  to  n  temperature  of  aboat 
400°  C,  and  weigh.  If  no  iron  is  present,  the  amount  of  nnc 
present  may  be  calculated  at  once.  If  iron  be  present,  to  Hie 
solution  of  the  sulphates  acetate  of  sodium  is  added  in  excess,  and 
brisk  ebullition  will  bring  down  all  the  iron  aa  basic  acetate. 
From  the  filtrate  acidified  with  acetic  add  a  stream  of  sulphuretted 
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small  grainSy  and  finally  into  lumps,  whicli  form  ordinary  butter. 
Sometimes  the  whole  milk  is  churned,  and  the  proportion  of 
butter  obtained  is  said  to  be  thereby  increased ;  the  labour,  indeed, 
is  much  greater  in  consequence  of  the  difficulty  of  keeping  in 
motion  such  large  quantities  of  liquid,  but  this  is  compensated  for 
in  the  neighbourhood  of  towns,  especially  in  Scotland  and  Ireland, 
where  there  is  a  ready  sale  for  the  butter-milk. 

Butter,  then,  consists  of  the  fat  of  milk,  intimately  mixed  with 
A  more  or  less  considerable  proportion  of  casein  and  water,  and 
with  a  small  quantity  of  sugar  and  milk;  it  usually  contains, 
moreover,  some  colouring  matter  and  some  aromatic  or  other 
similar  ingredients  derived  from  the  plants  on  which  the  cow 
has  fed,  and  to  which  its  peculiar  flavour  is  owing. 

The  proportion  of  cheesy  matter  contained  in  butter  varies 
greatly ;  it  depends,  amongst  other  things,  on  the  mode  of  prepar- 
ing the  butter,  and  on  the  nature  of  the  food  on  which  t)ie  cow 
has  been  fed.  According  to  Ciebvbetjl  (Johnston's  'Agricultural 
Chemistry'),  fresh  butter,  on  an  average,  contains  about  i6  per 
cent,  five-sixths  per  cent  of  pure  f&t,  and  about  i6  per  cent,  of 
ocuem,  mgoTj  and  vxster.  From  these  substances  the  fat  of  butter 
may  be  obtained  in  a  nearly  pure  state  by  melting  the  butter  at  a 
temperature  of  140^  to  180^  R,  pouring  the  fluid  oil  into  water  of 
the  same  temperature,  and  agitating  repeatedly  with  fresh  por- 
tions of  water  as  long  as  anything  soluble  is  taken  up.  After  a 
lime,  and  in  a  warm  place,  the  melted  fat  rises  to  the  surface  in 
the  form  of  a  nearly  colourless  transparent  oil,  which,  on  cooling, 
solidifies  into  a  colourless  mass.  The  fat,  thus  deprived  of  its 
nitrogenous  and  other  impurities,  may  be  preserved,  without 
becoming  rancid,  for  a  much  longer  time  than  ordinary  butter. 
By  submitting  pure  solid  butter-fat  to  powerful  pressure  in  a  linen 
cloth  at  the  temperature  of  60°,  a  slightly  yellow  transparent  oil 
will  flow  out,  and  a  solid  white  fkt  will  remain  behind ;  the  first  is 
called  cieine  or  butter-oil,  and  the  second  margarine ;  and  of  these 
two  substances  the  pure  fat  of  butter  almost  entirely  consists, 
although,  as  may  be  supposed,  their  relative  proportions  are  liable 
to  great  variations.  The  other  substances  formed  in  butter  are 
butyric,  capric  and  capraic  acids ;  in  perfectly  fresh  butter  they  are 
present  in  very  small  quantities  oiUy.  Thus  a  sample  of  butter 
made  in  the  month  of  May,  analyzed  by  Bbomeis  (Johnston's 
•  Agricultural  Chemistry,')  gave—  p^^  ^^^^ 

Margarine 68 

Butter-oil 30 

Butyric,  caproic  and  capric  acids      ...      2 

100 


0 

but  by  expoBore  to  the  ur  they  are  gnduallj  formed  in  the  butter, 
and  it  is  to  their  pieaeuce  that  randd  buttetdKiTeaitsdiaagreeahle 

Btnell. 

Milk  on  an  average  yielda  from  4-5  to  5^  per  cent,  of  hotter, 
and  a  cow  (anje  Dr.  Tisr)  might  be  stated  roughly  to  yield  about 
one  pound  daily. 

Adulteration  of  Suiter. — In  a  paper  read  at  a  meeting  of  the 
Society  of  Medical  Officera  of  Health,  Dr.  0.  Metkott  Tidt 
relAtea  his  experience  in  hia  capadty  of  public  analyit  as  r^;«ids 
butter  adulterations.  The  firat  adulteration  is  teata:  loo  gnina 
of  pure  butter  dried  in  a  weighed  platinum  capeule  for  seTSial 
hours  at  220°  K,  loses  &om  5  to  8  per  cent,  of  water,  but  by 
beating  out  the  butler  and  sprinkling  it  with  water  be  has  been 
able  to  incorporate  as  much,  as  28  per  cent  Out  of  130  samples 
purchoM^d  at  different  abopa  in  Kent,  Dr.  Tisy  found  in  wmn 
7  to  9^er  cent,  of  water ;  in  twenly-one  from  9  to  10  per  cent. ;  in 
thirty^Qur  fcom  10  to  13  per  cent. ;  ia  fortt/-ttBO  from  14  to  17  per 
cent. ;  in  seventeen  from  i3  to  27  per  cent ;  and  in  nma  over  25  per 
cent.  Tbua  water  might  become  a  very  serious  adulteration  of 
butter.  The  next  adulteration  is  »aii.  In  the  preparation  of 
butter,  salt  is  always  added,  4  per  cent,  being  a  frdt  quantity.  In 
twdve  samples  of  undoubtedly  pure  butter.  Dr.  Tisy  found,  by  the 
simple  process  of  incineration,  5-2  percent  of  salt; 


BUTTER.  97 

^ours  of  butter  and  dripping  are  easily  distinguishable,  but  the 
smell  of  lard  when  mixed  with  butter  is  not  so  soon  detected. 
'Good  butter  is  generallj  of  a  rich  yellow  colour,  entirely  uniform  j 
but  when  adulterated  the  colour  is  much  paler,  and  it  is  marbled, 
owing  to  the  imperfect  admixture  of  other  fats.  Streaky  butter  is 
to  be  regarded  generally  with  suspicion.  In  good  butter  a  uniform 
surface  is  produced  by  passing  a  clean  knife  rapidly  over  it,  but 
impure  butter  has  a  granulated  appearance. 

In  the  Liverpool  and  Manchester  '  Medical  and  Surgical  Ee- 
^rts,*  1873,  J.  Campbell  Brown,  D.  Sc.  (Lond.)  F.C.S.,  has 
published  a  paper  on  the  examination  of  butter. 

In  drawing  up  the  following  directions  Dr.  Browx  remarks 
Ihat  he  has  made  free  use  of  the  observations  of  Dr.  Ballard 
('  Chem.  News,*  vols.  iv.  and  v.)  and  the  scheme  of  Dr.  Parkes 
('  Ilygeine,'  chap.  v.  sec.  xi.),  but  that  he  depends  chiefly  on  his 
own  observation  on  a  large  number  of  samples  from  different 
aources  made  iu  the  capacity  of  public  analyst  for  Liverpool, 
Cheshire,  and  the  Lde  of  Man  during  the  years  187 1-2. 

SCKEITB  FOR   EXAMINATION  OP    BuTTTR. 

I.  Weigh  out  an  ounce  of  the  sample  and  place  it  in  a  test- 
tube  seven-eighths  of  an  inch  in  diameter,  and  melt  by  placing  it 
in  hot  water.  Place  a  thermometer  with  a  pear-shaped  bulb  so 
that  the  bulb  shall  be  in  the  middle  of  the  fat,  about  i  inch  below 
the  .<iurface,  and  allow  the  whole  to  cool  spontaneously.  If  the 
quantity  of  water  contained  in  the  butter  be  large,  it  will  collect 
in  the  tube  below  the  fat ;  the  ctisein  will  also  collect  in  the  lower 
part  of  the  tube.  Watch  the  mass  as  it  cools,  and  note  when 
solidification  commences  and  when  it  is  complete.  The  following 
axe  the  average  solidification-points : — 

With  pure  butter  the  thermometer  ia  obscured  between  74®  and 
6S°,  and  tiie  mass  is  solid  at  60^. 

Beef  dripping  obscures  the  thermometer  at  79*^  and  is  solid 
nt  72**. 

Mutton  dripping  obscures  the  thermometer  at  about  85^  and  is 
solid  at  about  84^. 

Lard  obscures  the  thermometer  at  84^  and  is  solid  between 
jif  to  70^ ;  but  it  often  remains  soft  as  butter  at  a  much  lower 
temperature. 

Mixtures  solidify  at  intermediate  temperatures. 

2.  Determine  the  quality  of  the  butter  by  the  taste  and  smell 
of  the  re-congealed  fat  and  of  the  original  sample. 

3.  Examine  several  portions  of  the  original  sample  by  means  of 
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A  good  luicroECope,  using  a  j-  or  }  inch  object-glasa.  In  butter 
made  from  milk  or  cream  aothiog  u  laen  except  Uie  chancteiiataiv 
globules  and  the  granular  masses  of  curd  and  the  cubical  ctystals 
of  salt.  The  hard  fats  of  butter  are  present  in  the  globules  in  a 
state  of  solution,  and  are  not  recognizable  in  a  separate  form. 

If  ftearic  acid  or  paliniiin  be  present  ia  a  separate  form,  tixey 
will  be  recognised  bj  single  fusiform  crystals.  The;  indicate  tbe 
preseoCQ  of  melted  fals. 

Other  substances,  sucb  as  fiarcRf^ur,  paim-oS  eorpuBclea,  Iritk 
moa,  colouring  matter,  &c.,  maj  also  be  distinguished  bj  tha 
microscope  as  distinct  from  butter  or  fats. 

4.  Examine  the  same  portions  with  the  same  object-glass, 
together  with  a  pulariscope  consisting  of  two  Nicol's  prisms  and  r 
selcnlte  plate.  The  crystals  referred  to  in  (3)  polarise  light,  and 
when  viewed  by  tha  microscope  are  more  distinctly  de&ned. 
Particles  of  suet  and  other  fata,  which  have  not  been  melted,  may 
also  be  disting-uished  by  their  action  on  polarised  light,  by  their 
amorphous  form,  and  by  their  membranes. 

5.  Eepeat  the  microscope  examination  after  the  addition  of 
tincture  of  iodine,  acetic  acid  and  other  reageats  emjdoyod  for 
detection  of  substances  other  tlian  fat. 

6.  Weijfb  carefully  a  conTenient  quantity  of  the  sample,  say- 
on*  ounce,  in  a  tared  porcelain  dish,  sTaporate  in  a  water-bath 
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1 1.  If  the  ethereal  solution  of  the  fat  from  (7)  has  fonned  a  de- 
posit at  65°,  decant  and  filter  off  the  clear  solution,  and  examine 
the  deposit,  which  is  probably  stearxrij  according  to  (12). 

Allow  the  ethereal  solution  to  evaporate  down  to  3  oz.  and  let 
it  stand  for  some  time  at  65^.  Filter  off  the  deposit,  which  may 
still  contain  some  stearin  mixed  with  palmttiUf  and  examine  it 
separately,  according  to  (12).  If  the  butter  is  adulterated,  some 
of  the  stearin  and  much  of  the  palmitin  will  still  remain  in  solu- 
tion, and  may  be  obtained  by  continuing  the  process  of  spontaneous 
evaporation. 

Some  samples  of  pure  butter  yield  no  deposit  from  3  oz.  of 
ether  at  65^ ;  but  fairly  good  butter  will  generally  form  a  slight 
deposit,  the  amount  of  which  varies  in  different  samples.  A  sample 
of  butter  known  to  be  pure  should  be  examined  side  by  side  v^ith 
the  sample  supposed  to  be  adulterated;  and  as  winter  butter  is 
more  solid  fat  than  summer  butter,  the  former  should  be  chosen  for 
the  comparative  experiment. 

12  (a).  Place  each  of  the  above-mentioned  deposits  in  a  thin 
weighed  glass  tube,  and,  after  evaporating  off  the  ether,  weigh  the 
fat,  and  determine  its  melting-point.  Melt  carefully,  and  allow  it 
to  cool  gradually.  Place  a  small  accurately-graduated  thermo- 
meter with  pear-shaped  bulb  in  the  melted  fat,  and  observe  the 
temperature  at  which  the  latter  begins  to  solidify.  When  quite 
solid,  rewarm  the  tube  gradually,  by  placing  it  in  water,  the  tem- 
perature of  which  is  i^owly  raised,  and  observe  the  remelting 
point  of  the  fat. 

(6).  Or  melt  the  fat  in  a  thin  glass  or  porcelain  dish,  floated  in 
water,  the  temperature  of  which  is  slowly  raised,  a  thermometer 
being  placed  in  the  water.  In  this  case  the  apparent  melting 
point  will  be  2  or  3  above  the  correct  figure ;  but  the  relative 
differences  between  the  melting  points  of  ^e  several  deposits  will 
be  the  same  as  in  (12  a), 

13.  Determine  the  taste  and  smell  of  each  of  the  deposits. 

14.  The  number  of  grains  per  oz.  may  be  reduced  to  parts  per 
eent.  by  multiplying  by  the  factor  0*22857. 

or  COCOA.     See  OiLS. 

OZiLm — Cajeput-oil  is  an  essential  or  volatile  oil 
extracted  by  distillation  horn  the  dried  leaves  of  the  cajeput-tree 
(^Mehleuca  kuoadendron,  Melaleuca  cajeputi,  Melaleuca  leucadendron 
of  Lnnr jnrs),  which  grows  at  Amboyne,  Borneo,  and  other  Eastern 
ifianilA  It  18  transparent,  of  a  fine  green  colour,  very  fluid,  lighter 
tban  water,  very  volatile.  It  has  a  strong  odour  resembling  that 
of  a  miztme  of  camphor  and  oil  of  turpentine,  or  rather  of  camphor 
and  cardmmnms ;  it  has  a  pungent  and  fresh  taste,  analogooa  to  that 

Ha 
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of  caniplior.  Tho  green  colour  u  often  due  to  the  presence  of 
oxide  ot'  copper,  from  the  copper  fltuks  in  nhicli  it  is  generally 
imparted,  hut  this  colour  does  not  seem  to  be  altogether  refeiahle 
to  that  subdtnnci',  for  according  to  Lbvubkon  the  green  cajeput-oil 
consisbi  of  two  oils  which  may  be  isolated  by  diatillbtioo ;  at  first 
-Jttia  of  the  oil  operated  upon  poas  off  in  e,  colourless  state,  and 
of  a  speciUc  gravity  o  897 ;  then  a  green  oil  conies  over  mocb  more 
alowly,  nnd  of  a  specific  gravity  0'920|  of  a  more  feeble  odour  nnd 
more  acrid  taste. 

The  prt^sence  of  copper  is  easily  detected  in  cajeput  oil,  by 
pouring  eome  very  dilute  hydrochloric  acid  in  the  oil,  ahaking 
the  ivhoio  well,  decanting  the  oil,  and  pouring  a  solution  of  ferro- 
«ynnide  of  potassium  in  the  residuary  liquor,  which  will  then 
as&umea  red  or  reddish-brown  colour  from  the  precipitate  of  ferro- 
cyanide  of  copper  produced. 

The  preflenco  of  copper  may  also  be  recognised  by  immeraiDg 
a  bar  of  bright  iron  in  the  liquor  treated  as  ahove,  when  a 
deposit  of  mctnlllc  copper  will  take  place  on  the  bar  of  iron. 

Onjeput-oil  is  often  adulterated  with  essential  oil  of  turpentine, 
of  rosemary,  or  of  Bavine  with  addition  of  camphor,  &c.,  nnd 
coloured  with  I'csia  of  milfoil  (Achillra  millefolium), 

OAKAKZWE.     See  ZiNC  Ores. 

CAKOMEK  (Sabclilorlde  of  ICeroiiTT,  Chloride   of  Xar- 
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water,  and  the  solution,  being  tested  by  nitrate  of  silver,  will  then 
produce  a  'white  turbidness  or  precipitate,  according  to  the  amount 
of  the  chloride  present. 

If  sesquicarbonate  of  ammonium  be  contaminated  by  sulphate 
of  ammonium^  an  addition  of  nitrate  of  barium  to  the  aqueoua 
solution  of  the  salt,  previously  supersaturated  with  nitric  acid, 
will  produce  a  precipitate  of  sulphate  of  barium. 

As  these  impurities  exist  generally  in  exceedingly  small  quan- 
tities only,  their  amount  is  best  estimated  by  means  of  test- 
liquors  of  nitrate  of  silver,  or  of  barium,  of  a  known  strength.  The 
analytical  process  is  then  managed  exactly  as  was  described  in  the 
article  on  Alkalimetry. 

TVlien  sesquicarbonate  of  ammonium  is  contaminated  by 
empyreumatic  oil,  it  leaves  a  small  carbonaceous  residuum  after 
ignition,  and  its  solution  in  dilute  acids  is  brown  or  even  black. 

As  sesquicarbonate  of  ammonium,  when  left  exposed  to  the 
air,  becomes  gradually  converted  into  bicarbonate  of  ammonium,  a 
little  of  the  latter  salt  is  always  present. 

Pure  sesquicarbonate  of  ammonium  is  translucid  and  colour- 
less. 

CAJtBOVATB  or  BAHZUM. — Carbonate  of  barium  is  often 
adulterated  with  sulphate  of  bariufriy  or,  at  any  rate,  that  which  is 
6old  as  carbonate  of  barium  contains  sometimes  an  extremely  large 
proportion  of  sulphate  of  barium,  the  presence  of  which,  however, 
is  easily  detected  by  dissolving  a  portion  of  the  sample  in  dilute 
hydrochloric  or  nitric  acid.  If  sulphate  of  barium  be  present,  it 
will  remain  in  an  insoluble  state,  for  carbonate  of  barium  is  com- 
pletely soluble  in  both  these  acids. 

Sulphuric  acid  being  poured  in  the  above  solution,  should  re- 
piedpitate  the  whole  of  the  barium  in  the  state  of  sulphate  of 
barium,  which  being  washed,  dried,  ignited,  and  weighed,  should 
be  in  the  proportion  of  1 1 7  grains  for  every  99  grains  of  carbonate 
of  barium  operated  upon ;  and  the  liquor  iiltered  from  the  sul- 
phate of  barium  so  produced  should  not  }ield  the  slighest  pre- 
cipitate by  caustic  ammonia,  nor  by  hydrosulphuret  of  ammonia, 
carbonate  of  potassium,  or  of  sodium,  oxalate  of  ammonium,  or 
other  reagents.  Any  precipitate  which  may  be  so  produced  is 
an  impurity. 

Whether  the  carbonate  of  barium  under  examination  is  pure  or 
not  may  also  be  ascertained  by  boiling  a  certain  quantity  of  it  in 
distilled  water,  filtering,  and  evaporating  the  filtrate  to  dryness. 
If  a  residuum  is  left,  it  is  an  impurity.  However,  Fresenitjs  has 
■hown  that  carbonate  of  barium  is  not  altogether  insoluble  in 
water,  since  141 37  parts  of  water  dissolve  one  part  of  carbonate  of 
barium. 
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c&bbohatb  or  oofpss.    See  Goffer  Ores. 

C&RBOVATS  or  KSAS  (^nUM  K«MI,  HMBbW 
TTIilte,  Outcli  ITttlte,  Venloa  VTbtta). — WMte  lead  is  a  com- 
binatioD  of  carbonic  acid  and  lead,  of  a  fine  white  colour,  in- 
eoluble  in  water ;  it  is  decomposed  hj  b  red  heat,  wbich  eipeU 
the  carbonic  acid  and  leavea  protoxide  of  lead. 

Wliite  lend  ia  a  moat  important  article  of  commerce;  it  forms 
the  ba^e  of  most  oil-painta,  and  of  gloziera'  cemeuL 

Thegeouine  wbite  lead  of  commerce,  howGTer,  is  not  altogotliN 
pure  carbooato  of  lead ;  it  cootaina  also  generally  a  amall  portino 
of  bjdr&ted  oxide  of  lead,  tbe  presence  of  which  appeara  to  be 
necessary  to  obtaia  the  fullest  covering  or  coating  power. 

White  lead  is  adulterated  to  an  enormoua  extent ;  the  pig- 
ments linown  under  the  names  of  Sambiirg  white,  Venice  tohUt, 
&c,,  are  in  reality  nchnowledged  sophistications  of  that  eubstsnce. 

The  principal  adulterations  of  white  lead  are  aidphatt  of 
barium,  tidphate  of  lead,  chalk,  and  time. 

The  presence  of  tulphate  of  barium  and  of  tulphate  ofleadtOKj 
be  easily  detected  by  treating  a  known  weight  of  the  white  lead 
(too  grains  for  example)  under  examination  with  an  excess  of 
dilute  nitric  acid.  A  slight  effervescence  is  at  first  produced,  and 
when  it  is  seen  that,  after  having  boiled  the  liquar,and  although  the 
" "  "    "         PS.-,  all  H.  "      "  
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Admittiog,  therefore,  that  these  three  substances  are  present, 
the  operator  should  thoroughly  mix  the  insoluble  and  well-washed 
xesiduum  with  about  three  times  its  weight  of  carbonate  of 
potassium,  and  fuse  it  for  about  half  an  hour  in  a  porcelain  crucible, 
taking  care  to  moderate  the  heat  at  first,  for  fear  the  mass  should 
boil  oyer.  The  mass  haying  been  fused,  and  having  cooled,  is  to 
be  treated  with  hot  water,  and  boiled  therewith.  The  solution  is 
filtered ;  the  filtrate  is  carefully  supersaturated  with  dilute  nitric 
Jidd,  which  should  be  added  by  small  portions  at  a  time,  on 
account  of  the  efiervescence,  and  the  whole  is  evaporated  to  dry- 
ness. The  dry  mass  being  now  treated  by  boiling  water,  if  an 
insoluble  gritty  residuum  is  left,  it  is  silica. 

If  the  liquor  filtered  from  the  silica,  being  treated  by  a  current 
of  sulphuretted  hydrogen,  yields  a  black  precipitate,  the  white 
lead  contained  sulphate  of  lead. 

Sulphate  of  barium  may  be  ignited  with  the  filter  without  fear 
of  converting  it  into  sulphuret  of  barium.  But  as  the  sulphate 
of  lead  would  be  reduced  by  the  charcoal  of  the  filter,  it  is  better, 
after  drying  it,  to  scrape  it  ofi*  the  filter  as  completely  as  possible, 
to  bum  the  filter  by  itself,  and  adding  the  ashes  to  the  sulphate  of 
lead  scraped  from  the  filter,  to  ignite  the  whole  in  a  porcelain 
crucible  before  weighing  it. 

Several  varieties  of  white  lead,  known  under  the  names  of 
Hamburg  whttCy  Dutch  white,  &c.,  are  mixtures  of  carbonate  of 
lead  and  of  sulphate  of  barium,  generally  in  the  proportions 
of  two  or  three  of  sulphate  of  barium  with  one  of  carbonate  of 
lead.  Sometimes,  also,  a  pigment  is  sold  as  white  lead  which  is 
scarcely  anything  else  than  sulphate  of  lead^  which  is  made  in 
the  manufactories  of  fioorcloth  by  decomposing  acetate  of  lead  by 
^om. 

When  white  lead  is  adulterated  with  lime  or  with  cJialk,  these 
impurities  may  be  detected  by  dissolving  a  portion  of  the  sample 
under  examination  in  very  dilute  nitric  acid,  and  passing  a  stream 
of  sulphuretted  hydrogen  through  the  solution  until  it  smells 
strongly  of  that  gas ;  a  black  precipitate  is  thereby  produced,  which 
is  sulphide  of  lead,  which  should  be  separated  by  filtering.  The 
filtrate  should  then  be  boiled  until  all  odour  of  sulphuretted 
liydrogen  has  disappeared ;  and  after  filtering  again,  if  necessary, 
the  lime  contained  in  solution  in  the  filtrate  may  be  precipitated 
by  means  of  oxalate  of  ammonium  in  the  state  of  oxalate  of  cal- 
cium, or  in  that  of  sulphate  of  calcium  by  means  of  sulpliuric  acid 
and  idcohoL  In  the  first  case  the  filtrate  should  be  neutralized 
by  ammonia,  and  on  adding  oxalate  of  ammonium  a  precipitate  of 
-oxalate  of  calcium  is  immediately  produced.    When  the  quantity 
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of  the  lime  hna  to  tie  determined,  the  liquor  containtog  the  pre- 
cipitate should  be  left  st  test  for  a  loDg-  time,  because  oxalate  of 
calcium  deposits  very  slowly;  it  is,  moreover,  adrisable  to  boil 
the  liquor,  and  ngain  to  nllow  it  to  settle  well  before  filtering^ 
else  it  will  pass  turbid  through  the  filter.  The  precipitated  oxa- 
late of  calcium  being  collected  on  a  filter,  should  be  washed,  dried, 
and  ignited  with  the  filter  in  a  platinum  crucible,  during  which 
operaUon  o.iide  of  carbon  U  evolved,  which  bums  with  a  blue 
flame  ;  nndthe  residuum,  which  consists  of  carbonate  of  calcium,. 
may  then  be  weighed.  If  the  heat  has  not  been  too  strong  io 
ignitin^r  it,  the  cnrbonate  of  calcium  nill  have  lost  none  of  its 
carbonic  acid,  nnd  from  its  weight  that  of  the  lime  present  ia  the 
sample  is  calculated.  50  grains  of  carbonate  of  calcium  represent 
28  of  Ume. 

The  determination  of  the  lime,  io  the  state  of  sulphate  of  cal- 
cium, yields  more  accurate  results.  In  this  case  sulphuric  acid  ia 
first  poured  iu  the  filtrate,  and  then  alcohol ;  sulphate  of  lime, 
being  iasuluhle  in  aqueous  alcohol,  is  thus  precipitated  and  col- 
lected en  ft  filter,  washed  with  dilute  alcohol,  dried,  ignited, 
and  weighed.    68  grains  of  sulphate  of  calcium  represent  28  of 

The  quantity  of  carbonate  of  calcium  present  in  the  white 

lead  undi.r  .■■T.-.iiiin!iti-.]  ihmv  al'i>  h.:  doli-.-miiK-d  by  n^      ' 
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then  boiled,  the  precipitate  (which  is  sulphate  of  barium)  allowed 
to  settle,  and  collected  on  a  filter.  After  washing,  drying,  and 
Igniting  it,  it  is  weighed.  1 1 7  of  sulphate  of  barium  represent  162 
of  crystals  of  sulphate  of  sodium. 

Sometimes,  also,  the  carbonate  of  sodium  of  commerce  contains 
chloride  of  sodium  (common  salt),  which  is  detected  by  testing  the 
dear  solution,  acidified  with  nitric  acid  (or  that  filtered  from  the 
sulphate  of  barium  first  produced),  by  solution  of  nitrate  of  silver, 
which  will  produce  a  precipitate  of  chloride  of  silver  if  chloride 
of  sodium  is  present.  The  whole  is  then  boiled  a  little,  and 
allowed  to  settle  ;  the  precipitate  is  sepai'ated  by  filtering,  washed, 
carefully  dried,  and  fused  in  a  small  porcelain  crucible,  after  which 
it  is  weighed.  144  of  chloride  of  silver  represent  60  of  chloride  of 
sodium  (common  salt). 

It  should  be  borne  in  mind  that  the  crystals  of  soda  of  com> 
merce  always  contain  a  trace  of  sulphate  of  sodium  and  of  chlo- 
ride of  sodium,  and  also  that  they  contain  62*69  P^^  <^6nt.  of 
water  of  crystallization. 

Bicarbonate  of  Sodimn  is  very  often  adulterated  with 
effloresced  neutral  carbonate  of  sodium,  the  presence  of  which  is 
detected  by  testing  the  solution,  moderately  concentrated,  with 
one  of  perchloride  of  mercury  (corrosive  sublimate).  If  an  orange- 
ted  precipitate  is  produced  thereby,  it  is  a  sign  of  the  presence  of 
a  neutral  carbonate ;  if,  on  the  contrary,  no  neutral  carbonate  is 
present,  the  solution  of  perchloride  of  mercury  will  only  produce 
a  slight  white  precipitate  or  turbidness.  The  presence  of  the 
Dentnd  carbonate  may  be  detected  also  by  means  of  solution  of 
sulphate  of  magnesium,  which  is  not  precipitated  in  the  cold  by 
one  of  bicarbonate  of  sodium ;  whilst  the  neutral  carbonate  imme- 
diately produces  a*  white  precipitate  of  subcarbonate  of  mag- 
nedom. 

CA&BOVATB  or  ZZVC.     See  ZlKC  Ores. 

CASMZVS. — Carmine  is  a  splendid  red  pigment,  obtained 
Crom  cochineal  by  a  peculiar  process.  The  pigment  being  very 
costly,  it  is  often  adulterated  by  an  admixture  of  starch  of  alu- 
'wmna,  or  of  vermilion ;  sometimes,  also,  a  portion  of  the  animal 
matter  of  the  cochineal  from  which  it  has  been  obtained  is  acci- 
^ientally  left  mixed  with  it.  These  accidental  or  intentional  im- 
purities are  readily  detected  by  heating  the  carmine  with  liquid 
ttmmonia,  which  dissolves  entirely  the  colouring  matter,  and  leaves 
the  impurities  in  an  insoluble  state.  The  residuum  left  should 
then  be  dried  at  a  gentle  heat  (for  which  purpose  a  steam-bath 
tnswers  best),  and  then  weighed. 

The  difference  of  colour  of  the  carmine  of  various  shops,  w?i€n 
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the  pigment  u  genuine,  dcpendB  on  the  qa&ntitf  of  alumiiu  which 
has  been  employed  to  precipitate  it ;  but  it  dspeadB  alao  upon  the 
carefulness  of  the  manipulation,  the  purity  of  the  atmosphere,  and 
probably  other  causes.  The  preparation  of  this  costly  article  is 
□ot  well  knowD,  and  the  secret  by  which  the  brighest  colour  may 
be  obtaiaed  is  id  the  posseBsion  of  only  s  few  penons. 

O&RTB&KUS.     See  SaPFLOWEB. 
CAST  ZBOW.      See  Iroh. 
CABT  STEEK.      See  Steel. 

CASTOS  (^Castor earn) .^Castor  ia  a  substauce  secreted  by 
the  bearer,  and  found  in  the  inguinal  region  of  the  animal  in  four 
bags,  a  large  and  a  small  one,  on  each  ude. 

Whilst  the  animal  is  alive,  castor  is  soft,  but  when  the  baj; 
which  contnina  it  has  been  lemOTed,  it  dries  up  and  becomes 
brittle,  but  not  hard,  and  of  a  dull  browniah  black  coloar.  It  c«i 
then  be  easily  pulverised. 

Castor  has  a  peculiar  strong  and  somewhat  disagreeable  odour, 
and  a  bitter  pungent,  aromatic,  and  peruating  flavour.  The  odour 
of  castor  ia  ho  much  stronger  aa  it  ia  fresher,  but  it  loses  much  of 
its  weight  in  drying ;  and  therefore  in  buying  castor  that  which, 
being  dry,  has  much  odour  should  be  preferred.  That  which  is 
tasteless  and  inodorous  is  good  for  nothing. 
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If  the  contents  of  the  bags  are  examined  the  castor  will  be  re- 
cognised as  genuine,  not  only  because  a  cavity  should  then  exist  in 
the  centre,  but  also  because  the  castor  should  be  enveloped  in 
membranes  to  such  an  extent  that  it  cannot  be  detached  therefrom, 
either  by  water  or  by  alcohol,  except  it  be  previously  dried  and 
broken. 

In  i^urious  castor,  on  the  contrary,  it  will  be  found  that  the 
fat  (or  indications  of  its  having  existed)  in  the  two  smaller  bags 
above-mentioned,  is  wanting,  and  that  the  large  bag  is  bigger  and 
rounder  than  that  of  the  genuine  article,  and  has  been  imitated 
with  the  scrotum  of  young  goats,  or  the  gall  vesicle  of  the  sheep ; 
that  the  contents  of  the  bags  consists  of  a  substance  either  soft  or 
brittle,  of  a  semi-transparent  red  colour,  having  only  a  feeble 
odour  of  castoreum ;  that  it  easily  dissolves  in  alcohol,  and  that  it 
turns  black  when  the  solution  of  a  persalt  of  iron  is  poured  upon  it, 
because  generally  the  vegetable  substance  employed  to  adulterate 
it  contains  tannin. 

In  spurious  castor  no  trace  of  the  superposed  membranes 
mentioned  before  are  observable. 

CABTOMMxntL    See  Castob. 

CASTOB-OZZi  (Oleum  ricinl,  OU  of  Palma  CbrUtl}.— 
Castor-oil  is  obtained  from  the  seeds  of  the  Ricinus  commums,  or 
Palma  Chridiy  either  by  boiling  the  seeds  first  and  then  subjecting 
them  to  pressure,  or  else  by  subjecting  the  seeds  to  the  action  of 
the  preflB,  without  previous  boiling,  in  which  case  the  oil  thus 
produced  is  said  to  be  cold  pressed,  and  is  much  superior  in  quality, 
being  sweeter  and  less  liable  to  become  rancid. 

Cold-pressed  castor-oil  is  almost  colourless  and  of  a  slight, 
&ttT,  cloying  odour  and  flavour ;  it  is  more  viscid  than  any  other 
fxlf  and  is  soluble  in  all  proportions  in  highly  rectified  alcohol. 

Formerly  castor-oil  was  very  often  adulterated  vdth  fixed  oils ; 

tbis  £raud,  however,  owing  to  the  cheapness  of  the  article,  must 

xiow  be  very  rare ;  at  any  rate  it  can  be  readily  detected,  for  all 

&ed  oils,  being  insoluble  in  pure  alcohol,  which,  on  the  contrary, 

Readily  dissolves  castor-oil,  the  amount  of  the  impurity  may  be  at 

once  estimated.    This  is  done  by  pouring  a  certain  quantity  of  the 

oil  to  be  examined  in  a  graduated  tube,  and  adding  six  or  eight 

times  its  volume  of  pure  highly  rectified  alcohol.    The  whole  is 

then  to  be  well  shaken  and  afterwards  left  at  rest.    The  alcohol, 

liaving  dissolved  the  castor-oil,  leaves  the  fixed  oil  untouched,  and 

its  quantity  may  at  once  be  estimated  by  the  divisions  of  the 

gndaated  tube.      It  is   absolutely  necessary  that  the  alcohol 

^ployed  should  be  highly  rectified;  its  gravity  should  not  be 

Bune  than  0*828. 


lOS  ,  CATECHU. 

When  castoiMiil  hiu  been  obtaimad  hj  previouslj  boiling  the 
seeds  in  water,  instead  of  being  almoBt  coloutleu,  it  boa  a  brownish 
colour,  which,  however,  is  the  case  with  that  which  has  become 
TAQcid,  DO  matter  how  obtained.  The  ranciditj  can  be  lemoTed, 
it  it  said,  bj  adding  a  little  canstic  mngneaa,  and  bculing  for  ftboat 
a  quarter  of  an  hour  with  water. 

CATBOBTT  (Terra  J'aponloa,  Ontoh). — Catechu  is  an  ex- 
tract prepared  in  various  parts  of  India  and  Malabar,  hj  inspia- 
satiog  an  aqueous  decoction  of  the  fruits  nnd  wood  of  the  Aeaeai 
catechu  and  Uncaria  Gambir. 

The  catechu  of  Bombay,  or  Sombmf  cutch,  is  in  square  maaees  of 
ir  three  ounces  weight,  of  a  reddish  brown  colour,  brittle,  of 


nnifonn  1 

leiture,  and  of  a  shining  nnd  in 

leven  fracture,  sp.  gr. 

■39.      It  CO 

Di-iata  of: — 

Tannin         .... 

5^ 

ExtractJTe  matter 

34 

Mucilage     .... 

7 

Impurities    .... 

7 

Baiffal  eatecku,  or  cutch,  is  in  round  and  flat  lunipB,  weighing 
&om  three  to  four  ounces,  of  &  rustj  colour  outside,  and  of  a  dark 
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astringent  extracts,  or  by  the  incorporation  of  sandj  clay,  ochre,  and 
other  impurities.  When,  however,  other  extracts  have  been 
mixed  with  it,  the  catechu  has  a  dark,  almost  black  colour,  and  a 
fihining  appearance,  and  it  sometimes  feels  glutinous  or  clammy. 
Moreover,  the  flavour,  instead  of  being  astringent,  and  then  sweet 
and  agreeable,  is  astringent  and  bitter.  As  catechu  is  entirely 
soluble,  both  in  alcohol  and  in  water,  the  impurities,  the  sand,  &c.^ 
may  thus  be  readily  separated. 

There  is  another  species  of  catechu  which  is  manufactured  in 
India,  and  which  comes  into  this  country,  in  the  shape  of  cubic 
masses,  about  one  inch  in  size,  externally  of  the  colour  of  catechu, 
though  somewhat  of  a  lighter  hue,  but  internally  of  a  drab  or 
greenish  yellow  colour,  with  a  dull,  granular  fracture.  It  con- 
tains a  very  large  proportion  of  starch,  which  may  be  separated  by 
treating  it  successively  with  water  and  with  alcohol.  This 
species  of  catechu  cannot  evidently  be  mistaken  for  the  genuine 
article,  from  which  it  differs  in  shape,  in  colour,  size,  and  taste ; 
but  samples  are  occasionally  met  with  which  have  undergone  a 
certain  roasting  and  steaming  process,  which  have  most  materially 
altered  that  appearance,  and  rendered  it  singularly  like  genuine 
cutch;  the  substance,  after  the  above  treatment,  is  almost 
entirely  soluble  in  water,  the  starch  having  been  converted  into 
gmn  by  the  heat  to  which  it  has  been  submitted.  In  order 
to  detect  this  fraud,  the  proportion  of  tannin  contained  in  the 
suspected  sample  should  be  determined  as  follows : — 

The  catechu  under   examination  must  be    first   reduced  to 

powder,  put   into  a  covered  vessel,  treated  therein  by  boiling 

water ;  and  the  solution  thus  obtained,  being  Altered  through  a 

piece  of  linen,  sulphuric  acid  should  be  poured  in  the  filtrate, 

until  it  ceases  to  produce  a  precipitate.      The  precipitate  thus 

formed  must  now  be  washed  with  acidified  water,  and   then 

dissolved  in  boiling  water.    On  cooling,  a  yellowish  brown  ex- 

tractiive  matter  falls  down,  which  is  to  be  separated  by  filtering. 

The  liquor  filtered  therefrom  has  a  reddish  colour,  and  pulverized 

carbonate  of  lead  is  added  thereto,  until  all  the  sulphuric  acid  is 

thrown  down  as  sulphate  of  lead ;  the  carbonate  of  lead  must 

"be  added  so  long  as  a  precipitate  or  turbidness  is  produced,  stirring 

the  whole  welL    The  liquor  is  then  filtered,  and  the  filtrate  being 

Qvtporated  m  vacuo,  the  pure  tannin  is  left  in  the  form  of  a  yellow 

touosparent  mass,  readily  soluble  in  water  and  in  alcohol,  which 

^y  then  be  weighed. 

A  more  easy  method  of  ascertaining  the  amount  of  tannin 
ooQtuned  in  the  catechu  imder  examination,  consists  in  treating  its 
solution  in  water  by  a  solution  of  gelatine ;  this  produces  a  pre- 
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dpitate,  vhich,  being  waahed  and  dried  nt  a  steam  heat  until  it 
ceases  to  lose  weight,  indicntes  tlie  qusntitf  of  tannin.  loo  giMns 
of  that  dry  precipitate  contains  40  grains  of  tannin. 

OATsmB  VXPPn  (CspBlmua).  —  OcDuine  CaTenna 
pepper  is  made  by  pulverizing  the  pods  of  the  eaptintm  or  Omiua 
pepper.  Cajenne  pepper  contains  a  white,  shining,  nao^oua,  veij 
acrid  substance,  to  which  the  name  of  eqpti'cinehas  been  given;  it 
is  an  alkaloid,  pretty  soluble  in  water;  it  contaias,  beddes,  a  red 
colouring  iniLttcr,  a  little  animal  matter,  roncilage,  nitrate  of 
potasdam,  and  other  salts.  The  active  principles  of  Osjenne 
pepper  are  soluble  in  water,  in  alcohol,  and  in  ether. 

Cayenne  pepper  is  often  adulterated  with  common  soft,  finely 
pulverised  brick-dial,  and,  it  is  said,  even  with  red  lead. 

These  frauds  may  be  readily  detected  by  treating  a  portion  of 
the  sample  with  pure  water,  filtering,  and  testing  the  filtrate  witJi 
solution  of  nitrate  of  silver.  If  a  white  curdy  predpitate,  or  only 
a  white  turbidoeea  appears,  completely  and  immediately  soluble 
in  ammonia,  and  reprecipitated  by  en  excess  of  nitric  add,  it  is 
chloride  of  silver,  and  it  indicates  that  cUoridt  of  todtiim  (comm<»  . 
salt)  is  present.  The  predpitated  chloride  of  silver  is  washed, 
dried,  fused,  and  weighed.  144  of  chloride  of  silver  represent  60 
gruns  of  common  salt. 

The  quantity  of  common  tall  may  also  be  ascertained  by  means 
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which  it  contains  are  exceedingly  irritating,  and  induce  violent 
coughing. 

(BT'dranlio).  See  IjIHE. 
. — Although  all  cheese  consists  essentially  of  the  curd 
of  milk  mixed  with  a  certain  portion  of  the  fatty  matter,  and 
sugar,  yet  as  milk  itself  is  suhject  to  so  many  natural  differences 
in  quality,  and  as  the  general  mode  of  dairy  management  differs 
so  greatly,  the  varieties  of  cheese  are  almost  without  numher, 
nearly  every  dairy  district  producing  a  quality  of  its  own. 

The  quality  of  the  cheese  will  depend,  again,  on  tbe  animal 
producing  the  milk.  On  this  suhject  Professor  Johnstone  makes 
the  following  observations : — 

The  ewe  milk  cheeses  of  Tuscany,  ^japle8,  and  Languedoc,  and 
those  of  the  goat*s  milk  made  on  Mount  Dor  and  elsewhere,  are 
celebrated  for  qualities  which  are  not  possessed  by  cheeses  prepared 
from  cow's  milk  in  a  similar  way.    Buffalo  milk  also  gives  a 
cheese  of  peculiar  qualities,  which  is  manufactured  in  some  parts 
of  the  Neapolitan  territory.    The  strong-tasted  cheeses  of  Lecca, 
and  the  celebrated  Hoquefort  cheese,  are  prepared  from  mixtures 
of  goat  with  ewe  milk,  and  the  cheese  of  Mont  Cenis  from  both 
of  these  mixed  with  the  milk  of  the  cow.    Still  further  differ- 
ences are  produced  according  to  the  proportion  of  cream  which  is 
left  in,  or  added  to,  the  milk.    Thus,  if  cream  only  be  employed, 
we  have  the  rich  cream  cheese^  which  must  be  eaten  in  a  com- 
paratively recent  state ;  or,  if  the  cream  of  the  previous  night's 
milking  be  added  to  the  new  milk  of  the  morning  we  may  have 
aach  cheeses  as  the  StiHon  of  England,  or  the  small,  soft  and  rich 
Brie  cheeses,  so  much  esteemed  in  France.    If  the  entire  milk 
only  be  used,  we  have  such  cheeses  as  the  Cheshire,  the  Double 
Qhrncetier,  the  Cheddar,  the  WiUshtref  and  the  Dunhp  cheeses  of 
Britain.    If  the  cream  of  the  evening's  milk  be  removed,  and  the 
ddmmed  milk  added  to  the  new  milk  of  the  next  morning,  such 
cheeses  as  the  Single  Gloucester  are  obtained.  If  the  cream  be  taken 
once  from  dU  the  milk,  the  better  kinds  of  skim-milk  cheese,  such 
11  the  Dutch  cheeses  of  Leyden,  are  prepared ;  while  if  the  milk 
^  tmice  skimmed  we  have  the  poorer  cheeses  of  Friesland  and 
Onmmffen,    If  skimmed  for  three  or  fomr  days  in  succession,  we 
getthe  hard  and  homy  cheeses  of  Essex  and  Sussex,  which  often 
'^uire  the  axe  to  break  them  up. 

Agiun,  new  varieties  of  cheese  are  formed  by  mixing  vegetable 
i^mnces  with  the  curd.  A  green  decoction  of  two  parts  of  sage- 
''■M^  one  of  marigold,  and  a  little  parsley,  gives  its  colour  to  the 
pftm  cheese  of  Wiltshire.    The  celebrated  Schahueger  cheese  of 
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Switzerland  is  made  t>T  crushiDg  the  Bkim  milk  cbeese  aftor  it  ia 

Severn!  months  old  to  n  fine  powder  in  s  mill,  mixing  it  llien  with 
one-tenth  of  ila  weig-ht  of  fine  suit,  and  one-tweatietb  of  the 
powdered  lesTes  of  the  mellilot  trefoil  (TrefoUum  metiolut  arvleti), 
nnd  afterwards  with  oil  or  butter,  worlanfr  the  whole  into  n  paste, 
which  is  pressed  and  cnrefuUj  dried. 

Another  tariety  of  cheese  is  made  by  mixing  one  pound  of 
sour  niilli  with  five  pounds  of  boiled  potatoes  and  a  little  salt, 
beating  the  whole  into  a  pulp,  which,  after  standing  five  or  sis 
days,  is  worked  up  t^n  and  dried.  In  SaToy  an  excellent 
potata-checso  is  arn-do  by  mixiog  one  part  of  the  pulp  of  potatos 
with  those  of  Mtv  milk  curd ;  and  in  Westphalia  a  potato-cheese 
is  made  with  skimmed  milk.  This  Wostpbalia  cheese,  while  in  a 
pasty  state,  ia  allon*ed  to  undergo  a  certain  extent  of  fermentation 
before  it  is  finally  worked  up  with  butter  and  salt,  made  into 
ehapes,  and  dried.  Tlie  extent  to  which  this  fermentation  ia  per- 
mitted to  po  determines  the  finvour  of  the  cheese. 

In  England  cheese  is  often  coloured  with  Spanish  annatto,  and 
accidents  hare  been  invcsti^ted  in  which  nd  lead  wn  towid.  io 
the  cheese  examined,  the  eating  of  which  had  been  prodnctiveof 
more  or  less  severe  illness ;  the  poison  was  traced  to  an  adultera- 
tion of  the  annatto  employed  to  colour  the  cheese.  Bed  lead  is 
detected  in  cheese  in  the  same  manner  as  has  been  desnibed  in  the 
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The  following  analyses  of  cheese  were   performed  in  the 
laboratory  of  Professor  Johnstone  *  : — 


Kind  of  Cheese 

Centerimally  represented 

Bcmarks 

Water 

Casein 

Fat 

Ash 

Skim  milk   . 

43-80 

4506 

5*98 

5-i8 

Made  in  Lanarkshire, 
on  a  poor,  cold,  wet, 
upland  moor  farm 

Double  Gloucester 

3S'82 

37*96 

21-97 

4*25 

North  Wilt«. 

36*54 

31-12 

28-09 

4-45 

From  a  rich  loam  with 
gravel  subsoil 

Dnnlop         • 

38-46 

25-87 

31-86 

3-81 

Cheddar 

3624 

28-98 

30-40 

438 

From  a  rich  deep  soil 
in  the  marsh  near 
Cheddar 

The  inorganic  constituents  are  only  due  in  part  to  the  milk. 
The  earthy  phospates  attach  themselves  to  the  ciml  in  the  making, 
while  the  soluble  parts  wmain  principaUy  in  the  whey.  The 
cheese  being  cured  with  chloride  of  sodium,  the  quantity  added 
varying  with  circamstanceS|  the  additional  constituents  of  the  ash 
are  lime,  a  little  magnmay  soda,  potastm,  traces  of  iron,  chUniney 
phosphoric,  and  sulphuric  adds. 

Fresh  cheese  is  very  sparingly  dissolved  by  water ;  but  after 
having  been  left  to  itself  for  two  or  three  years,  it  becomes, 
especially  if  all  the  fat  be  previously  removed,  almost  completely 
aolable,  forming  a  solution  which,  like  milk,  is  coagulated  by  the 
addition  of  acids. 

The  casein,  which  is  insoluble  when  fresh,  returns  during  the 
ripening  to  a  state  similar  to  that  in  which  it  existed  in  the  milk. 
In  the  English,  Dutch,  and  Swiss  cheeses,  and  in  the  superior 
French  kinds,  the  casein  is  present  in  its  unaltered  condition.  The 
odour  and  flavour  are  owing  to  the  decomposition  of  the  butter, 
the  non-volatile  acids,  margaric  and  oleic ;  and  htUyric,  valeriemic, 
eeproic,  capryUc  acids,  which  are  volatile,  are  liberated,  in  con- 
sequence of  the  decomposition  of  glycerin,  and  the  variations  in 
its  pungency  depend  upon  the  proportion  of  the  latter  acids 
preeent.  In  the  Limbourg  cheese,  the  valerianic  add  occurs  in 
the  largest  quantity.  Balajld  first  discovered  it  in  the  cheese  of 
.Hoqaefort. 

The  bad  smell  of  inferior  kinds  of  cheese  is  caused  by  certain 
fttid  prodncts  containing  sulphur,  and  which  are  formed  by  the 
putrefinction  or  decomposition  of  the  casein.    The  alterations  which 

^  See  Muspratt's  Chemical  Dictionary,  which   contains  an   excellent 
article  00  the  preparation  of  various  kinds  of  cheese. 
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tbe  butter  undergoes  in  becominfr  nndd,  ax  which  occutb  in  tliQ 
mtlk-BugfiT  Etill  present  being  baaaniittad  to  tbe  casein,  efiecta 
a  cbfing^  in  its  compositioa  imd  deterioiataa  its  nutritive  qualities. 

CBXCOKT.     See  COPFEE. 

CHXU:  8AXTVHTU.      See  NiTSB  CUBIC 

aKKOK&Ta  OF  FOTABBsnc  (obteMe  •rvotuii). — 

The  chlnrate  of  potassium  met  with  in  commerce  is  ^renenJlj 
pure.  Sometimes,  ho^verer,  it  is  coataminatad  by  chloride  of 
patAEsium,  When  pure,  it  has  a  cooling,  auttare  flaToui ;  it  is  in 
tbe  form  of  fist  crjstals  of  a  nacreous  appearance. 

Tbe  solution  of  pure  chlorate  of  potauium  is  not  rendered 
turbid  bj  nitnite  of  silver,  but  if  it  contuns  anj  chloride  of  potaa- 
eium,  that  reng(-nt  immedtatel;  produces  a  predpitate  of  chloride 
of  silver,  soluble  in  ammonia. 

For  the  purpose  of  detenniniog  the  qnantitj  of  ehloHJt  of 
■pclaisiiim  contained  in  the  chlorate  under  ezaminatian,  the  teat 
solution  of  nitrate  of  silver  mentdoned  in  tbe  article  on  the  assay 
of  Mlver  may  bo  Tery  coaveniently  employed.  A  given  weight— 
I  oo  grains,  for  example — of  tbe  chlorate  should  be  dissolved  iii  an 
adequate  quantity  of  water,  and  the  test-solntion  of  nitrate  of 
silver  is  poured  from  an  alknlimeter  into  the  solution  of  the 
chlorate,  shaking  or  stirring  it  welt  afW  each  addition  of  nitiata 
of  ulver ;  tbe  opertLt^r  stops  when  the  last  drop  of  tbe  solutian  of 
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The  presence  of  perc/tlortde  of  iron  is  indicated  by  the  blue 

-precipitate  produced  by  testing  the  solution  of  the  salt  with 

ferrocyanide  of  potassium. 

The  presence  of  chloride  of  calcium  is  recognised  first,  because 

Ihe  salt  is  thereby  rendered  deliquescent ;  and  by  treating  it  with 

pure  or  absolute  alcohol,  the  chloride  of  calcium  is  dissolved,  but 

the  chloride  of  barium  is  untouched.    The  whole  is  then  thrown 

on  a  filter  in  order  to  separate  the  chloride  of  barium,  the  filtrate 

which  contains  the  chloride  of  calcium  is  evaporated  to  dryness  at 

a  gentle  heat ;  nitric  acid  is  then  added,  and  the  liquor  may  now 

be  tested  for  lime  either  by  a  mixture  of  sulphuric  acid  and  alcohol, 

which  will  produce  a  precipitate  of  sulphate  of  calcium  insoluble 

in  aqueous  alcohol;  or,  after  having  neutralized  the  liquor  by 

ammonia,  the  addition  of  oxalic  acid  produces  a  precipitate  of 

oxalate  of  calcium. 

The  solution  of  pure  chloride  of  barium  in  distilled  water 

cihoald  be  perfectly  dear  and  limpid;  it  should  not  be  acted  upon 

or  rendered  turbid  by  ammonia,  by  hydrosulphate  of  ammonia,  nor 

hj  sulphuretted  hydrogen. 

The  addition  of  sulphuric  acid  should  precipitate  every  fixed 

particle  from  it ;  so  that,  after  separating  the  sulphate  of  barium 

thus  produced  by  filtering,  the  filtrate,  being  evaporated  in  a 

platinum  crucible,  should  not  leave  the  slightest  residuum. 

CK&OBZDB  or  lUOKS  (Bypoclilorite  of  Xiime,  Bleadi* 

Powder).     See  CuLORiMETBY. 

CBZiOSZBB    or  SODZXTM  (Common   Salt,   XkSurlate  of 

i). — Common  salt  not  being  subject  in  this  country  to  any 

fiscal  tax,  is  exceedingly  cheap,  and  accordingly  is  not  adulterated, 

at  least  to  any  extent,  the  price  of  the  article  itself  being  as  low, 

or  nearly  so,  as  that  of  the  substances  which  might  be  employed 

for  this  culpable  purpose. 

Common  salt,  however,  is  often  mixed  with  water  in  order  to 

angment  its  weight ;  sometimes  also  it  contains  sulphate  or  nitrate 

<f  calcium  or  of  magnesiunij  or  the  chlorides  of  these  metals. 

In  the  countries  where  a  tax  is  put  on  this  commodity,  the 

adulterating  substances  employed,  besides  those  above-named,  are 

sulphate  ofiodiumy  cUum,  earthy  mattery  &c.    These  impurities  may 

be  detected  as  follows : — 

When  salt  has  been  moistened  with  water  in  order  to  augment 

ita  weight,  its  appearance  sufficiently  indicates  the  adulteration ; 

bst  in  order  to  determine  the  quantity  of  the  water  it  is  necessary  to 

weigh  a  certain  quantity  of  the  salt — for  example,  i,ocx>  grains — 

previoufilj  reduced  into  fine  powder,  and  expose  it  in  a  porcelain 

diih  or  capsule  to  the  heat  of  a  steam-bath  until  the  weight  r&^ 

12 
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mnins  conataat.  The  Iobb  indicates  the  quantity  of  water,  and  if 
that  quantity  exceeds  &om  6  to  8  per  cent,  it  is  dae  either  to  • 
direct  admixture  of  water,  or  to  the  presence  of  deliqneacent  aaltik 

Stdphate  of  calcium  a  easily  detected  in  coDnnon  aalt  by  its  vt- 
solubility  in  water,  especially  if  alcohol  be  added.  The  insoluble 
sulphate  of  calcium  may  then  be  collected  on  a  filter,  washed  witb 
dilute  alcohol,  dried  aad  weighed. 

If  taiiAle  mdphatet  are  present,  a  solution  of  chloride  of  barinm 
will  at  onca  produce  a  precipitate  of  sulphate  of  barinm.  For  ex- 
ample:— In  order  to  detect  the  presence  and  determine  the  wnonnt 
of  Bulphate  of  todium  in  common  salt,  dissolve  I,00o  grains  of  the 
salt  under  eiamiuation  in  distilled  water,  filter  the  liqnor,  waab 
the  filter,  and  add  to  the  filtrate  a  solntdon  of  chloride  of  bwiumr 
until  a  precipitate  is  no  longer  produced.  The  whole  ia  then  left 
lit  rest,  in  order  to  allow  the  precipitated  sulphate  of  barium  pto* 
duced  to  settle.  This  bemg  done,  the  clear  supernatant  liqnor  is 
decanted,  and  the  precipitate  la  collected  on  a  filter,  washed  theieoa 
with  boiling  wtiter,  dried,  ignited  in  a  platinum  crucible,  and 
weighed.  117  of  sulphate  of  barium  represent  40  of  aulphurir 
acid,  and  consequently  72  of  anhydrous  sulphate  of  sodium,  or 
the  equivalent  of  any  other  sulphate. 

But  as  common  salt  often  contains  naturally  a  small  quantity 

of  .wl/'/:n/r   r,f  s-iiTiiim.  wliicli   liira-L'\er   does  not  exceed    one  per 
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value  of  sabstances  containing  chlorine^  or  from  which  chlorine  may 
he  produced.  Chloride  of  lime,  chloride  of  potash,  and  chloride 
of  soda,  are  the  most  important  of  the^e  substances ;  chloride  of 
Ume  is  a  mixture  of  hypochlorite  of  calcium,  chloride  of  calcium, 
.and  hydrate  of  lime.  It  undergoes  very  great  deterioration  by  ex- 
posure to  the  air,  and  may  thus  become  perfectly  valueless,  for  it 
gradually  loses  chlorine  and  becomes  converted  into  carbonate  of 
calcium. 

This  deterioration  is  common  to  all  other  decolorizing  chlo- 
rides, which  are  likewise  decomposed  by  all  acids,  even  by  car- 
homc  add. 

The  value  of  chloride  of  lime  depends  altogether  upon  the 
quantity  of  chlorine  which  it  contains  and  which  maybe  liberated. 
For  technical  purposes  this  estimation  is  exceedingly  important, 
Bnd  should  never  be  neglected  by  the  bleacher. 

( I )  Modification  of  the  Method  of  Gay-LtMsac. — This  is  founded 
on  the  conversion  of  calomel  (subchloride  of  mercury)  into  corro- 
aive  sublimate  (chloride  of  mercury)  by  the  chlorine  set  free  from 
ihe  bleaching-powder.  A  fluid  is  prepared,  holding  in  suspension 
a  known  quantity  of  subchloride  of  mercury ;  into  this  a  measured 
quantity  of  the  solution  of  chloride  of  Ume  to  be  tested  is  poured, 
until  the  liquid  becomes  perfectly  clear.  The  quantity  of  chlorine 
consumed,  and  consequently  the  value  of  the  bleaching-powder, 
calculated  from  the  number  of  divisions  of  the  burette  which  have 
been  required  to  render  the  turbid  mixture  clear. 

Ih'eparatum  of  the  Standard  Mercurial  Test  Liquor, — It  is  based 
on  the  following  considerations : — 

Every  236*5  grains  of  subchloride  of  mercury  require  35*5 
gnins  of  chlorine  to  convert  them  into  chloride ;  every  58*5  grains 
of  common  salt  (which  is  the  chloride  most  convenient  for  the 
pmpoee)  contain  35*5  grains  of  chlorine,  or  1647  grains  contain 
xoo  grains  of  chlorine. 

Let  50  measures  of  a  solution  of  a  subsalt  of  mercury — the 
tabnitrate,  for  example— be  introduced  into  the  graduated  burette, 
and  then  poured  off  into  a  beaker,  and  diluted  with  4  or  5  ounces 
of  water ;  then  let  82*4  grains  of  common  salt  be  dissolved  in 
water  and  introduced  into  the  burette,  so  as  to  exactly  fill  100 
measurea.  Let  this  solution  be  poured  gradually  into  the  solution 
of  the  subnitrate  (which  during  the  time  should  be  kept  warm  by 
immersion  in  a  basin  of  hot  water),  until  the  last  drop  added  no 
longer  produces  a  precipitate.  Let  us  suppose  that  20  measurea 
liave  been  required ;  now,  as  100  measures  of  the  saline  solution 
contain  82*4  grains  of  chloride  of  sodium  »  50  grains  of  chlorine, 
the  20  measures  must  contain  16*48  grains  » 10  of  chlorine.    We 
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consequeatl;  arrive  nt  the  conclnuon  that  50  meosares  of  the 
Bubnitrate  of  mercury  require  10  grains  of  chlorine  to  coQTert  tha 
salt  into  subchloride  {  ocd  if  the  JO  mwiOKs  ue  bcreased  to  100 
bj  dilution  with  water,  a  solution  ii  ohtaiDed  eveij  10  diviaioiiBof 
which  are  equivalent  to  i  grain  of  chlorioe,  and  every  single  divi- 
uon  of  which  representa  ^'^th  of  a  grain.  Anj  quMititf  of  the  test 
liqtioT  ma  J  thus  be  easily  prepared. 

Method  of  testing  t/ie  Bleachmg-poieder.—ioo  gruns  of  th» 
specimen,  selected  from  difierent  parts  of  the  sample,  and  well 
mixed  together,  are  rubbed  in  a  mortar  with  a  little  water;  more 
water  is  gradually  added,  the  mixture  stirred,  and  the  heavier 
particles  allowed  to  subside ;  the  milky  fluid  is  then  poured  oS, 
and  the  precipitate  again  agitated  with  water,  allowed  to  stand, 
and  the  supernatant  fimd  poured  off,  mixed  with  the  first,  and 
transferred  to  a.  tube  graduated  into  200  equal  parts,  each  part 
corresponding  with  a  division  of  the  burette ;  the  morter  is  rinsed 
out  with  a  little  more  water,  the  washings  transferred  to  the  grtr- 
duated  tube,  the  whole  well  agitated,  and  the  mark  at  which  the 
solution  stands  in  the  tube  ia  accurately  noted.  Suppose  the  whole 
to  occupy  150  measurea.  The  burette  is  now  filled  to  100  with 
the  mixture.     Next,  100  meaaores  of  the  standard  subnitrate  of 
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haps  one  disadvantage  attending  it,  which  is,  that  the  solution  of 
subnitrate  of  mercury  is  somewhat  liable  to  change,  and  to  give 
rise  to  the  formation  of  an  insoluble  basic  salt,  which  would  of 
course  interfere  with  its  accuracy. 

(2)  Modification  of  Gay-Lussac^s  Method  hy  Arsenious  Acid. — 
When  arsenious  acid,  water,  and  chlorine  are  brought  into  contact 
with  each  other,  a  reaction  takes  place,  the  result  being  the  forma- 
tion of  hydrochloric  and  arsenic  acids. 

Every  equivalent  (or  99  parts)  of  arsenious  acid  require  two 
equivalents  (or  71  parts)  of  chlorine ;  consequently  100  parts  of 
chlorine  are  required  to  convert  13945  parts  of  arsenious  acid  into 
arsenic  acid.  A  standard  solution  of  arsenious  acid  is  prepared  by 
dissolving  139*45  grains  of  the  pure  acid  in  a  solution  of  potassa, 
diluting  the  solution,  and  then  adding  hydrochloric  acid  in  consi- 
derable excess;  the  volume  of  the  solution  is  then  brought  to 
lo^ooo  grain-measures,  and  the  whole  well  mixed;  every  100 
grain-measures  of  the  solution  thus  prepared  contain  1*395  grains 
of  arsenious  acid » i  grain  of  chlorine.  When  the  chlorimetric 
aaeay  is  about  to  be  made,  50  grains  of  the  bleaching-powder  are 
prepared  in  the  manner  already  described,  and  the  burette  is  filled 
to  the  looth  division  with  the  solution;  1000  grain-measures  of 
the  arsenious  acid  are  then  placed  in  a  beaker,  diluted  with  wat«r, 
and  coloured  blue  by  the  addition  of  a  few  drops  of  solution  of 
indigo.  The  bleaching  liquid  is  then  gradually  and  carefully 
dropped  into  the  arsenical  solution,  which  is  all  the  time  well 
fltiired  until  the  blue  tinge  is  entirely  destroyed.  This  shows  that 
the  conversion  of  the  arsenious  acid  into  arsenic  acid  is  complete, 
and  consequently  that  10  grains  of  chlorine  have  been  consumed, 
and,  as  before,  the  value  of  the  bleaching-powder  is  ascertained 
by  the  rule  of  simple  proportion :  thus,  supposing  90  measures 
iukie  beeai  consumed,  then — 

As 90  :  10  ::  100  :  x, 

X  s  11*1 1 » the  quantity  of  chlorine  in  50  grains  of  the  bleaching- 
powder,  or  22*22  per  cent. ;  or  still  more  simply,  as  each  measure 
of  the  burette  corresponds  with  half  a  grain  of  bleaching-powder, 
and  SB  the  number  of  measures  consumed  contain  10  grains  of 
chlorine,  we  find  at  once  the  percentage  amount  of  chlorine,  by 
dividing  2000  by  the  number  of  measures  required ;  thus : — > 

2000 


90 


22*22. 


(3)  Otto*$  Method  by  Frotosulp/iate  of  Iron, — When  protosul- 
phiUe  of  iron,  water,  chlorine,  and  free  sulphuric  acid  are  brought 
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into  contact,  a  reaction  takeK  place,  renildng  in  ths  fennatioii  of 
hydrochloric  acid  and  persulphate  of  iron. 

Everj  two  equivalents,  or  152  porta  of  anfajdiont,  or  378  parta 
of  eryat*llizedprotoflulphate  ofiron,  requueooeeqDiTalent,  or  35*5 
parts  of  chlorine ;  100  grains  of  chlorine  are  therefore  required  to 
convert  783'!  gndna  of  crjstallizod  probwnlphate  of  iron  ioto  per- 
sulphate. To  prepare  the  iron  salt  for  theee  experiments,  Fsb- 
BENirs  directs  that  iron  nails  free  from  mat  be  diMolved  in  dilate 
sulphuric  acid,  finally  with  the  application  of  heat ;  the  solution 
is  filtered  vhUe  still  warm,  into  about  twice  its  Tolume  of  spirits 
of  wine ;  the  preciiutale  which  is  produced  conrisls  of  protoaul- 
pbate  of  iron  with  seven  equivalents  of  water.  It  is  collected  on 
a  filter,  edulcorated  with  spirits  of  wine,  spread  upon  a  sheet  of 
blotting-paper,  and  allowed  to  dry  in  the  air  until  it  has  completely 
lost  the  smell  of  epirita  of  wine :  the  dry  salt  must  be  kept  in  k 
well-closed  bottle.  To  perform  the  chlorinietiic  assay,  78*3  grains 
of  the  protosulphste  are  dissolved  in  about  two  ounces  of  watAr, 
and  thesolution  strongly  addulated  with  sulphuric  acid  ;  jognios 
of  the  bleacbing-powder  are  then  prepared  as  before  directed,  and 
the  burette  filled  with  the  solution,  which,  after  being  well 
agitated,  ia  added  drop  by  drop  to  the  soludon  of  the  iron  salt 
until  complete  peroxidation  has  taken  place;  this  is  known  by 
solution  of  ferricjanide  of  potasdum  no  longer  striking  a  bine  pred- 
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as  the  whole  of  the  ferrocyanide  is  converted  into  ferricyanide, 
the  mixture  ceases  to  give  prussian  blue  with  a  solution  of  peroxide 
of  iron. 

Dr.  C.  B.  A.  Wbight  has  found  the  bleaching-powder  of  com- 
merce to  contain  several  per  cents,  of  chlorate  of  cakiumj  even 
when  newly  made ;  in  other  samples  the  chlorate  has  been  occa- 
sionallj  found  to  represent  as  much  as  lo  per  cent,  of  available 
ehlorine,  or  fully  one-fourth  of  the  amount  originally  present^  thus 
indicating  over  heating,  either  in  the  proctss  of  manufacture  or 
•obeequently.  In  such  bleaching^powders  the  only  safe  and  con- 
venient meUiod  is  by  the  use  of  an  alkaline  solution  of  arsenious 
add. 

The  following  modification  of  Otto's  method  is  based  on  the 
fact  that  under  the  conditions  described  the  chlorine  of  the  bleach- 
Ing^powder  first  changes  the  protochloride  of  iron  into  perchloride, 
which  in  its  turn  is  agun  reduced  to  protochloride  by  metallic 
copper,  whereby  some  of  the  latter  becomes  dissolved.  Every  2 
equivalents  of  copper  dissolved  in  this  way  is  equivalent  to  I 
equivalent  of  chlorine  in  the  bleaching-powder.  Two  grammes 
of  the  bleaching-powder  are  well  mixed  with  water,  and  the  fluid 
80  obtained  mixed  with  a  solution  of  protochloride  of  iron,  freshly 
made  by  dissolving  o'6  grm.  of  pure  iron  wire  in  pure  hydro- 
ehloiic  acid ;  excess  of  acid  is  then  added,  and  the  fluid  boiled  in  a 
flask,  after  addition  of  a  piece  of  rather  thick,  perfectly  clean 
and  polished  sheei  copper  of  a  weight  of  about  4  grammes.  The 
Ixoling  is  continued  until  the  colour  of  the  fluid,  at  first  darkish, 
lias  become  bright  green ;  the  copper  is  then  removed  £rom  the 
flask,  washed  with  distilled  vrater,  dried,  and  weighed.  A  loss  in 
the  weight  of  copper  of  63*4  parts  (b2  copper)  is  equal  to  35 '5 
parts  of  chlorine  in  the  bleaching>-powder. 

CB&OSOrOBIK. — Among  the  substances  occasionally  found 
idnlterating  chloroform,  are  alcohol,  aldehyde^  free  hydrochlorie 
and  hydroMorouB  adds,  and  some  of  the  compounds  of  methyl. 
The  following  is  the  mode  of  detecting  these  impurities  adopted 
Vy  Dr.  Lbthxbt  : — 

'  Alcohol  is  often  recog^nised  at  once  by  the  milkiness  of  the 
liquid*  If  it  exists  to  the  extent  of  from  30  to  50  per  cent.,  the 
specific  gravity  of  the  sample  falls  much  below  1*496 ;  and  when 
a  drop  of  it  is  let  fall  into  a  little  water,  instead  of  sinking  as  a 
dear  pelludd  bead,  it  Mis  through  the  water  as  an  opaque  pearly 
drop.  On  shaking  it  in  the  water  the  mixture  becomes  milky,  and 
it  requires  a  long  time  for  the  chloroform  to  subside  perfectly. 
After  it  has  done  so,  it  may  be  observed  that  the  original  bulk  of 
the  dilozoform  has  diminished ;    in  fact,  the  alcohol  has  beea 
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djssolvcil  out  of  it,  and  it  bas  shrank  accordinglj.  In  this  my 
-we  can  often  determine  the  amount  of  the  alcohol  present  Take, 
for  exnmple,  nbout  30  drops  of  the  suspected  chloroform,  put  it 
into  H  niirrow  test-tubo,  mark  the  level  at  which  the  liquid  stands, 
then  add  about  2  drachma  of  distilled  water,  and  ahake  them  well 
together.  On  allowing  them  to  rest  for  an  hour  or  so,  the  chloro- 
form will  collect  at  the  bottom  of  the  liquid,  and  we  can  then 
discover,  from  the  diminution  in  its  bulk,  the  amount  of  alcohol 
diHolved.' 

Dr.  Letheby  thinks  that  much  of  the  chloroform  now  naed  in 
America  is  coDtaminated  with  alcohol;  for,  according  to  tha 
report  of  Professor  Mbigs,  it  has  the  tow  sp.  gr.  of  1'450;  and  he 
puts  it  whether  this  maj  not  be  one  of  the  reasons  for  the  unsatis- 
factory accounts  which  have  come  from  that  country, 

Aldehyde'ia  another  substance  which  maybe  occasionBllj  met 
with  in  cblorolbrm.  It  is  recognised  by  its  reducing  action  on  the 
hydmted  oxide  of  silver,  and  by  its  rendering  a  little  liquor  potasiaa 
of  a  brown  colour  when  it  is  heated  with  it.  It  is  questionable  if 
it  occasions  any  injurious  influence  when  it  is  inhaled  with  tha 
chloioform,  but  it  ia  likely  to  be  converted  into  acetic  add,  and. 
this  is  somewhat  of  an  irritant. 

In  a  sample  of  chloroform,  which  was  fiunished  to  the  Ijondon 
Hospital,  Dr.  Lbthebt  found  as  much  as  53  per  cent,  of  fiea 
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upon  the  animal  system.  Tbej  occasion  a  peculiar  throbbing 
headache,  and  a  rapid  prostration  of  the  vital  powers.  These 
effects  may  often  be  observed  when  the  chloroform  is  only  smelled 
for  a  little  while ;  and  there  can  be  little  doubt  that  they  are 
very  frequently  the  cause  of  the  discomfort  which  so  often  follows 
upon  the  use  of  certain  samples  of  chloroform. 

Pure  chloroform  should,  according  to  SouBERAnr,  sink  in  a 
mixture  of  equal  parts  of  sulphuric  acid  and  water.  The  presence 
of  alcohol  may  be  detected  by  warming  the  chloroform  with 
chromic  acid,  or  with  acid  chromate  of  potassium  and  sulphuric 
9xdd  'y  the  production  of  a  green  colour  indicates  alcohol ;  more- 
over the  presence  of  alcohol  causes  opalescence  when  the  chloro- 
form is  mixed  with  water.  Chloroform  is  sometimes  prepared 
firom  wood-spirit,  but  it  is  much  less  pure  than  that  prepared  from 
alcohol;  it  is  specifically  lighter,  has  a  repulsive  empyreumatic 
odour,  and  produces  unpleasant  sensations  when  inhaled.  It  ia 
contaminated  vrith  about  6  per  cent  of  an  empyreumatic  oil,  con- 
taining chlorine,  burning  with  a  smoky  flame  lighter  than  water^ 
and  boiling  between  85^  and  133°  C. 

According  to  Gbeoory  (*  Proc.  Roy.  Soc.  Edin.',  1850,  p.  391) 
impure  chloroform  may  be  recognised  by  the  disagreeable  odour 
irhich  it  leaves  after  evaporation  on  a  cloth  which  has  been 
moistened  with  it,  and  by  the  yellow  or  brown  colour  which  it 
imparts  to  pure  oil  of  vitriol  when  agitated  therewith.  Pure  chlo- 
xofoim  placed  upon  oil  of  vitriol  produces  a  contact  surface  convex 
downwards^  impure  chloroform  gives  a  plane  contact  surface. 
According  to  Roussnr  (*  J.  Pharm.'  (3)  xxxiv.  206)  the  purity  of 
chloroform  may  be  tested  by  means  of  cUnitromlphide  of  iron,  a 
salt  obtained  by  the  action  of  ferric  sulphate  or  chloride  on  a 
xnixtore  of  sulphide  of  ammonium  and  nitrate  of  potassium. 
Pure  chloroform  taken  up  with  this  salt  remains  colourless }  but 
if  it  contain  alcohol,  ether,  or  wood-spirit,  it  acquires  a  dark 
colour.  To  purify  chloroform  Gbeoort  recommends  to  agitate  it^ 
and  leave  it  in  contact  with  oil  of  vitroil,  but  the  latter  is  no 
longer  coloured ;  the  chloroform  is  then  to  be  removed  and  placed 
in  contact  with  a  small  quantity  of  peroxide  of  manganese  to  free 
it  from  acdphurous  add.  According  to  Abrihah  ('Pharm  J» 
Tzmns.,'  x.  24),  chloroform  thus  purified  quickly  decomposes 
and  is  afterwards  found  to  contain  hydrochloric  add  and  free 
dlorine.  According  to  Christison  (ibid.  x.  285),  chloroform 
Iceepe  well  after  being  treated  once  with  oil  of  vitroil,  but  the 
continued  action  of  t^at  liquid  (especially  if  contaminated  with 
nitroos  add)  exerts  a  decomposing  action  upon  it. 

COCOA. — Chocolate  is  a  preparation 
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of  tlie  cocoa-Dut,  obtiuned  by  giiuding  the  nuts,  preriouslj  Touted 
nod  Bhelled,  in  an  apparatus,  which  conedfta  either  of  a  flat  etona 
with  a  stefil  cylinder,  or  of  coniosl  stone  rollers  revolTing  on  & 
circular  tsbla  of  the  same  mBterial,  or  of  a  pi'll  of  peculiar  cod- 
etruction.  The  mill,  or  the  Btones,  are  heated  to  about  213°  Fahr., 
and  the  roasted  and  labelled  cocoa-nuta  are  mbmitted  with  sugar 
to  the  grinding  operation,  by  which  they  are  reduced  into  asympy 
maas,  which  ia  received  into  moulda  of  varioiu  shapes,  in  which 
it  hardens  in  cooling. 

Besides  cocoa-nuts  and  Bugar,  the  manubctorer  generaUj  adds 
some  arrow-root,  many  persons  preferring  the  chocolate  bo  pre- 
pared, because  tbe  oil  or  butter  of  cocoa  ia  thereby  reodered  emol- 
eivB  and  more  digestible.  The  preparation  known  as  cocoa-potndeTf 
or  chocolate-powder,  when  genuine,  consists  only  of  cocoa-nib^ 
augar,  and  arrow-root,  mixed  and  ground  together,  and  then 
pulverized,  by  paseing  tbe  maaa  through  a  grating-mill,  and  cool- 
Chocolate,  as  well  as  cocoa-powder  or  flakes,  prepared  as 
above  said,  is  one  of  the  most  grateful,  nourishing,  and  nasUy 
digestible  articles  of  food  ^  it  belongs  to  tbe  class  of  perfect  alimen- 
iary  substances.  Unfortunately,  however,  many  of  the  prepara- 
tions  of  the  cocoa-nut,  sold  under  tbe  name  of  chocolate,  of  cocoa- 
flakes,  and  of  chocolate-powder,  consist  of  a  mixture  of  bad  or 
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a  given  weight  of  the  chocolate  or  cocoa  under  examination ;  the 
imparities  remain  among  the  ashes,  and  may  he  easily  recognized. 
This  adulteration  is  also  readily  detected  hy  grating  500  grains  of 
the  chocolate  in  as  fine  a  powder  as  possible,  throwing  it  into 
about  half  a  pint  of  cold  water,  stirring  the  whole  briskly  for' 
about  ten  minutes,  leaving  it  at  rest  for  about  two  minutes,  and 
decanting  the  supernatant  liquor.  The  earthy  matter  will  then* 
Lave  subsided,  and  will  be  left  as  sediment. 

The  presence  of  animal  fats  may  be  detected  by  the  palate^ 
for  the  chocolate  generally  has,  in  that  case,  a  cheesy  flavour ;  or, 
when  common  butter  or  oil  has  been  added,  it  has  a  rancid 
flavour.  This  is  quite  characteristic,  for  butter  of  cocoa  always 
remains  perfectly  sweet. 

The  presence  of  animal  fats,  or  of  oils,  may  also  be  recognized 
tj  saponifying  a  portion  of  the  chocolate  as  follows: — ^Kasp' 
about  2,000  grains  of  the  chocolate  under  examination,  and  boil 
them  with  water  and  some  caustic  potash.  When  the  fat  has 
saponified,  dilute  the  mass  with  a  sufficient  quantity  of  water,  and 
filter  three  or  four  times.  The  milky  filtrate,  which  is  in  fact  a 
flolution  of  soap,  should  now  be  supersaturated  with  nitric  acid ; 
this  will  separate  the  fat,  which  will  float  on  the  liquor  after 
cooling.  It  may  then  be  collected  on  a  filter,  and  on  rubbing  a 
onall  portion  of  it  between  the  fingers,  the  odour  will  generally 
indicate  its  origin ;  but  more  effectually  still,  by  heating  it  in  a 
amall  capsule.    Pure  butter  of  cocoa  has  no  odour. 

Or  the  chocolate  may  be  exhausted  by  sulphuric  ether,  and  by 
evaporating  it  the  fat  will  be  left  behind,  and  may  then  be  identi- 
fied as  above  described. 

If  the  chocolate  has  been  mixed  up  with  the  ground  shells  of 
the  cocoa-nut,  the  use  of  the  microscope  is  the  best  way  of  detect- 
ing it.  Or,  after  having  treated  a  given  portion  of  the  chocolate 
by  ether,  Uie  residuum  may  be  exhausted  by  hot  water,  which 
irill  extract  all  the  soluble  portions  and  leave  again  a  residuum, 
in  which  the  sharp  spicuhe  of  the  ground  husks,  if  any  be  pre- 
sent, may  be  readily  seen  with  the  help  of  a  magnifying-glass. 

The  presence  of  cocoa-nuts  shells  in  chocolate  appears  to  be 
injurious  to  health.  Dr.  Ube  relates,  in  his '  Dictionary  of  Arts, 
l^umfacturers,  and  Mines,'  that  samples  of  chocolate  made  at  the 
TictuaUing  Tard,  Deptford,  for  the  use  of  the  Royal  Navy,  and 
manufactured  by  the  Government  Chocolate  Mills,  were  sent  to 
liim  for  examination,  by  order  of  the  Lords  of  the  Admiralty, 
under  the  following  circumstances : — 

For  some  time  the  chocolate,  it  would  appear,  had  been  distri- 
Imted  to  aailors  and  convicts  for  their  breakfast^  at  the  rate  of  one 
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ounce  duly,  when  Beveral  of  the  men  camplnined  of  its  prodadog 
sicIcnE'Ss,  Tiimiting,  purging,  and  otter  iIIiieM,'«Jid  a  few  mm* 
terminated  fntfllly.  A  careful  ezunitiadon  of  tte  chocolate  failed 
In  detecting  any  impurity  or  deleterious  iuhatance,  except  that 
some  grittj  matter,  incapable  of  mizio^  with  water,  and  which, 
on  cloaor  examination,  was  found  to  consist  of  minute  spiculffl  of 
the  cocoa-bcon  Lusks,  which,  when  swallowed,  became  lodged  is 
iho  villouH  coat  of  the  stomach  and  bowels,  where  they  created 
irritation  and  all  the  symptoms  certified  by  soTeral  naval  bui<- 
.geons.  It  was  obvious,  observes  Dr.  IlRK  that  from  the  insoluble 
condition  of  the  chocolate,  it  could  be  of  little  nse  as  an  article  of 
food,  or  as  a  demulcent  substitute  for  milk;  and  that,  in  fact, 
three-fourths  of  it  were,  on  this  account,  an  ineflective  Mticle  of 
■diet,  or  were  wasted. 

In  France,  the  chocolate-paste  has  uauslly  a  little  vanilla 
incorporated  with  it.  and  a  considerable  quantity  of  sugar,  which 
varies  from  ouc-tbird  of  its  weight  to  equal  parts,  and  one  pod  at 
vanilla  is  said  to  bo  sufCcient  to  flavour  one  pound  and  a  half  of 
chocolate.  Pure  genuine  chocolate  improves  in  its  flavour  by 
keeping,  which  is  ths  reverse  with  bad  or  adulterated  chocolate ; 
but  the  roosted  beans  soon  lose  their  aroma  if  left  exposed  to 

>BA1>     (Otarome  .  Tellow,    ColOBV* 
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calcium,  and  on  treating  the  residuum  with  dilute  muriatic  acid, 
a  disenfi^agement  of  sulphuretted  hydrogen  will  take  place,  easily 
recognizable  by  its  odour  (that  of  rotten  eggs).  The  whole 
should  then  be  thrown  upon  a  filter,  and  to  the  filtrate,  which  has 
a  green  colour,  ammonia  is  added,  which  will  precipitate  all 
except  the  lime.  The  whole  is  again  thrown  upon  a  filter,  and  if 
oxalate  of  ammonium  be  now  poured  into  the  filtrate,  an  abundant 
precipitate  of  oxalate  of  calcium  will  bo  produced. 

The  analysis  of  chrom&te  of  lead  may  be  performed  as  fol- 
lows : — ^Having  first  reduced  the  chromate  of  lead  into  very  fine 
powder,  hydrochloric  acid  is  poured  upon  it,  and  the  whole  is 
boiled,  alcohol  being  added  at  the  same  time,  in  order  to  convert 
the  chromate  of  lead  into  chloride  of  chromium  which  remains  in 
solution,  and  into  chloride  of  lead,  which  remains  in  an  insoluble 
state,  along  with  any  sulphate  of  lead,  of  calcium,  or  of  barium 
which  may  be  present.  These  insoluble  substances  are  collected 
on  a  filter,  washed  with  dilute  spirits  of  wine,  dried,  and  weighed. 
The  filtrate  which  contains  all  the  chloride  of  chromium  is 
then  boiled,  and  ammonia  is  poured  into  the  hot  liquor  and 
heated  with  the  ammonia  until  the  whole  of  the  chromium  is 
precipitated  in  the  state  of  hydrate  of  oxide  of  chromium ;  the 
supernatant  liquor  is  then  colourless.  This  hydrate  is  collected  on 
a  filter,  washed,  dried,  and  carefully  ignited  in  a  well-closed 
platinum  crucible,  and  then  weighed.  40  grains  of  oxide  of 
chromium  »  52  of  chromic  acid,  and  consequently  164  grains  of 
chromate  of  lead. 

Supposing,  therefore,  the  chromate  of  lead  submitted  to 
analyms  to  have  been  pure— since  164  grains  of  chromate  of  lead 
contain 

Oxide  of  lead    ....     112 

Chromic  acid    ....      52 

164 
The  results  obtained  by  the  analysis  of  that  quantity  should 

40  grains  of  sesquioxide  of  chromium  precipi- 
tated by  ammonia,  corresponding  to  chromic 
add 52  grains. 

140  grains  of  chloride  of  lead,  insoluble  in  dilute 
alcohol,  consisting  of 

Lead 104 

Chlorine 36 

140 
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And  corresponding  to  oxide  of  lead  .        ■        .112 
CliroroatQ  of  leftd    .        .164 
Consequently,  if  the  qauitity  of  clizomate  of  lead  sabmitted 
to  eTnaination  was,  foi  example,  25  graine,  the  operator  should 
obtnin  on  the  one  band 

Seequioiide  of  chromium  .        .      6-09  grains. 

Cbloride  of  lead       ....    lo'oo     „ 

Or,  in  other  words,  each  grain  of  chromalo  of  lead  operated  upon 
should  yield  0.24  grain  of  oxide  of  chromium,  and  0.4  f^rain  of 
chloride  of  lend. 

Deforo  treating  the  chromate  of  lead  bj  hydrochloric  at^,  it 
should  bo  reduced  into  extremely  fine  powder  by  leTigation ;  if  thia 
precaution  be  neglected,  Borne  portiana  may  escape  decompo^tion. 

Chromate  of  lead  has  sometimes  been  adulterated  with  tlarch, 
but  tbis  fraud  may  be  readily  estimated  by  the  loea  which  it 
sustains  when  strongly  calcined  in  a  crucible,  an  odour  of  burning 
Teg^table  matter  being  perceptible  during  the  ignition. 

CBXOHATB  or  POTASSzmc — Neutral  chromate  of 
potosaium  is  an  important  salt  used  for  the  preparation  of  &11  the 
other  chromates,  and  especially  that  of  lead.  Pure  chromate  of 
potassium  crystallizes  in  regular  rbomboedrons ;  but  as  it  is  an 
in.^s  of  It  leuiou- 
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filter,  washed,  dried  and  weighed.  117  grains  of  sulphate  of 
barium  represent  40  grains  of  sulphuric  acid,  and  consequently 
88  grains  of  sulphate  of  potassium. 

If,  on  the  other  hand,  the  operator  should  wish  to  determine 
the  quantity  of  the  chromate  df  potassium,  he  may  do  so  by 
adding  an  excess  of  sulphuric  acid  to  the  liquor  filtered  from 
the  sulphate  of  barium,  in  order  to  precipitate  the  excess  of 
baryta  which  exists  in  the  solution,  and,  after  filtering  the  liquor, 
the  oxide  of  chromium  may  then  be  precipitated  by  means  of 
ammonia,  collected  on  a  filter,-  washed,  dried,  carefully  ignited  iti 
a  well-closed  platinum  crucible,  and  weighed.  40  grains  of  oxid^ 
of  chromium  represent  52  grains  of  chromic  acid,  and  conse- 
quently 100  grains' of  neutral  chromate  of  potassium. 

Or  the  operator  may  at  once  proceed  to  estimate  the  quantity 
of  chromate  of  potassium  in  the  suspected  sample  by  dissolving  a 
giren  weight  of  it  in  a  small  quantity  of  water,  adding  a  pretty 
large  proportion  of  muriatic  acid  with  alcohol'^  applying  heat  until 
the  whole  of  the  alcohol  has  evaporated ;  aft^  which  the  oxide  of 
chromium  may  then  be  precipitated  by  ammonia,  filtered,  washed, 
carefuUy  ignited,  and  weighed. 

CHSOBCB  mow  OSB  (Cliroiiiated  Zron}.— Chrome  iron 
ore  is  a  combination  of  oxide  of  chromium  with  peroxide  of 
iron  and  alumina,  in  which  ther  proportion  of  oxide  of  chromium 
Tariea  from  39  to  ^  per  cent.,  that  is,  in  the  well  prepared  ore  ; 
and  this  large  proportion  of  oxide  of  chromium  renders  it  a  highly 
Taluable  ore. 

Anafyms  of  Chrome  Oi^es. — Eight  or  ten  grains  of  the  ore 
reduced  to  an  impalpable  powder  are  put  into  a  platinum  crucible, 
and  covered  with  ten  or  twelve  times  the  weight  of  bisulphate  of 
potassium  ;  the  crucible  is  carefully  heated  for  about  fifteen 
minutes  to  about  the  temperature  of  the  fusin^point  of  the 
bisulphate,  then  raised  to  low  redness,  at  which  temperature 
it  is  kept  for  another  quarter  of  an  hour;  the  mass  enters  into 
quiet  fusion,  and  vapours  of  sulphuric  acid  are  evolved  freely. 
The  temperature  is  gradually  raised  until  the  whole  is  in  perfect 
fusion.  To  the  fused  mass  about  50  grains  of  pure  carbonate  of 
sodium  are  added,  and  the  mixture  is  again  fused  at  as  low  a 
temperature  as  possible,  pure  nitre  being  added  by  degrees  in 
quantity  equal  to  that  of  the  carbonate  of  sodium.  The  crucible 
is  kept  at  a  low  red-heat  for  about  an  hour,  and  then  raised  to  a 
bright  red-heat,  at  which  it  is  kept  for  a  quarter  of  an  hour 
longer.  When  cold  the  fused  mass  is  dissolved  in  boiling  water, 
filtered  whilst  boiling  hot,  and  the  residue  on  the  filter  washed 
with  boiling  water.    If  this  residue  should  contain  any  undecom 
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poped  ore,  it  must  be  again  fused  u  befme  iritli  laanlph&te  uf 
potft«8iuiii,  cflrbnnate  of  sodium,  and  aitre.  The  filtrate  contiuiis 
the  whole  of  the  chromium  as  ehromaf-e  of  pctamtim,  together 
nitli  small  quantities  o!  n'icic  arid,  alumina,  and  sometimea  tilantc 
And  mangnnic  adds.  ExceM  of  nitrate  of  emmonium  ie  added, 
And  tbe  solution  is  evaporated  nearly  to  diyneu  on  tbe  water- 
bath,  until  all  the  liberated  ammonia  has  been  expelled  ;  water  is 
added,  and  the  precipitate,  if  any,  is  filtered  oft:  the  filtrate 
is  made  strongly  acid  with  ndphxiroiu  add,  carafuUj  heated  to 
bailing,  precipitated  with  slight  excess  of  ammonia  boiled  for  a 
feiv  minutes  and  filtered.  The.  thorough  washing  of  the  chromic 
oxide  is  not  easy.  GBNta  ('Chem.  News,'  No.  137)  finds  it 
succeed  best  in  tbe  following  way : — After  the  pieciptate  has 
settled,  the  cl«ar  liquid  is  passed  through  the  filter  ;  then  boiling 
vraier  is  added  to  the  prscipitskte,  and  after  settling,  the  super- 
ualant  liquid  is  filtered  ;  the  predpitate  is  then  thrown  on  the 
filter,  and  n'n^bed  two  or  three  times  with  boiling  water;  it  is 
then  washed  back  again  into  the  dish,  and  boiled  with  water, 
until  the  little  lumps  which  clog  together  are  completely  broken 
up :  it  is  then  filtered,  and  this  operation  is  repeated  until  tiie 
wash-waters  do  not  show  the  presence  of  any  sulphates  by 
chloride  of  barium.  The  precipitate  iq.  then  dried  and  burned, 
after  which  it  is  agiun  bpiled  with  water,  to  which  a  few  drops  of 
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cliTomic  add.  Pour  the  fluid  into  a  white  porcelain  dish  of  about. 
20-oz.  capacity  and  dilute  the  washings  of  the  beaker  to  about 
3  oz.  Immediately  after  also  pour  cautiously  into  the  dish  one 
gramme  of  metallic  iron  of  known  purity  previously  dissolved  in 
dilute  sulphuric  acid,  and  further  diluted  with  cold  water  to  about 
5  oz.  to  make  up  the  volume  in  the  di^  to  about  8  oz. 

Use  for  this  purpose  &esh  borings  from  a  piece  of  bar  iron  con- 
taining less  than  005  of  foreign  matter  dissolved  in  18  c.c.  of 
dilute  sulphuric  acid  of  i  part  acid  and  3}  parts  water  in  a  tube 
1 2  inches  long  and  ^ths  of  an  inch  diameter,  closed  at  the  top 
with  an  india-rubber  stopper  perforated  for  a  ^-inch  tube  bent 
short  round  at  right  angles,  and  extending  horizontally  about 
3  or  4  inches,  applying  heat  to  experatmospheric  air  and  facilitate 
operations. 

When  the  iron  iadissolved,  and  having  ascertained  that  the 
solution  ia  freed  from  sesquioxide,  nearly  All  the  tube  with  cold 
water,  cautiously  pour  the  contents  into  a  dish,  and  add  about  two 
tubes  full  more  of  cold  water  to  make  the  solution  up  to  about 
8  oz.,  and  then  determine  volumetrically  (see  Iron),  with  a  standard 
solution  of  permanganate  of  potassium,  the  amount  of  protoxide 
of  iron  remaining.  The  difference  between  the  amount  of  iron 
found  and  of  the  iron  weighed  will  be  the  amount  oxidized  to 
aesquiozide  by.  the  chromic  acid.  Every  one  part  so  oxidized  will 
represent  0'3?q  of  metallic  chromium  or  04663  of  sesquioxide,  in 
which  condition  the  metal  usually  exists  in  the  ore. 

See  Chbohate  of  Lead. 
SeeBKAJBS, 
SesBonAX. 

CmASAS.     See  YSBMILIOK. 

CXTBZO  ACZD. — Citric  acid  is  colourless  and  crystallizes  in 
riiomboedral  prisms,  very  soluble  in  water,  and  of  a  very  sour 
flMTOur.  It  is  not  altered  by  exposure  to  the  air ;  it  is  now  manu- 
fietared  in  large  quantities  for  the  use  of  calico-printers.  Its 
•pacific  gravity  is  1*034..  The  aqueous  solution  of  citric  acid  is 
ipsedily  altered  by  exposure. 

Citric  acid  is  sometimes  adulterated  witk>  tartaric  acid.  In 
Older  to  detect  this  fraud  it  is  customary  to  dissolve  a  given  weight 
of  the  add  in  water,  and  to  add  gradually,  thereto  a  solution  of 
hydrate  or  ofi  carbonate  of  potassium,  stirring  the  whole  briskly, 
'Which  produces  a  precipitate  of  bitartrate  of  potassium.  If,  how- 
over,  the  quantity  of  tartaric  acid^present  is  small,  these  reagents 
^  fail  in  indicating  it,  because  bitartrate  of  potassium  is  readily 
^aUe  in  a  alight  excess  of  hydrate,  or  of  carbonate  of  potassium. 
^  ii  therefore  better  to  employ  a  saturated  solution  (in  the  cold) 

K2 
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of  cbloride  of  pottwium,  or  of  nitnte  of  potasrinm,  or  of  neatnl 
sulphnte  of  potaBSium,  an  eicega  of  which  doM  not  interfere  with 
tbe  precipitate  of  bitArtrate  of  potaMium,  which  will  be  fimnect  if 
tartaric  acid  is  present.  It  should  be  remembered  that  bitutrat« 
of  potassium  is  not  an  insoluble,  but  only  a  aparingl;  ioluble  salt, 
RDd  therefore  the  aolutioa  of  citric  &cid  should  not  be  dilute,  for 
DO  precipitote  would  then  appear. 

If,  however,  the  solution  of  citric  ftctd  is  already  dilate,  it 
should  be  concentrated  by  evaponitioD  ;  or,  instead  of  the  above 
jiamed  salts  of  potasuum,  acetate  of  potassium  may  be  used  in 
preference,  for,  being  a  deliquescent  salt,  it  need  nut  be  dissolved 
previous  to  adding  it  to  the  BolutioD  of  tbe  citric  acid. 

Citric  acid  aometimes  attracts  moisture  bj  exposure,  which  is 
a  proof  that  it  still  retains  a  small  proportion  of  the  sulphuric  acid 
used  to  prepare  it,  and  tbe  presence  of  which  may  besides  be  de- 
tected by  dissolving  a  portion  of  it  in  water,  and  testing  with 
solution  of  chloride  of  barium,  which  will  in  that  case  produce  a 
white  precipitate  of  sulphate  of  barium.  In  order  to  free  it  &om 
this  acid,  it  should  be  recrystallized  several  times. 

coAXi  OAB — Tbe  coal  gas  used  for  gas-light  is  a  mixture  of 
carbonic  acid,  carbonic  oxide,  hydrogen,  and  nitrogen,  carburetted 
hydrogen,  with  vapours  of  hydrocarbons  and  olefiant  g«s ;  the 
ilinp  power  of  the  gas  depends  chiefly  upon  the  (juantitvof 
cijntnined  in  a  given  hiJli  of  gas,  but 
'    '  ft  last  named  com- 
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by  filling  a  graduated  jar,  Fig.  15,  of  about  an  inch  in  diameter, 
-^nkth  water,  and  then  turning  it  upside  down  in  a  water-trough,  so- 
that,  being  filled  with  water,  it  maj  stand  in  the  trough  in  the 
following  manner : — 

Transfer  now  the  gas  to  be  exa- 
mined to  the  graduated  jar  until  it  is 
half  full,  and  fill  the  other  half  of 
the  graduated  jar  with  pure  chlo- 
rine gas,  carehilly  protecting  the 
mixture  from  solar  light  Leaye  the 
whole  at  rest  for  twenty-^our  hours, 
and  then  observe  the  amount  of  con- 
densation which  will  have  taken 
place.  The  diminution  of  the  volume 
of  the  gtiB  first  introduced  into  the 
jar  will  indicate  very  approxima- 
tively  the  proportion  of  olefiant  gas  in  that  volume. 

For  practical  piirposes  the  value  or  illuminating  power  of  coal 
gas  may  be  readily  estimated  by  comparing  the  shadows  projected 
upon  a  screen,  such  as  a  sheet  of  white  paper,  by  the  interposition 
of  an  opaque  body  between  a  wax  candle,  or  any  other  flame,  taken 
as  a  standard,  and  the  jet  of  inflamed  gas- to  be  tested,  and  with 
which  it  has  to  be  compared.  The  experiment  is  performed  as 
follows : — 

A  sheet  of  unglaied  white  paper  is  to  be  pinned  smoothly  to  a 

wall  before  the  two  lights  whose  relative  illuminating  power  has 

to  be  tested,  and  between  them  and  the  sheet  screen  of  white 

paper,  and  at  a  distance  of  about  three  inches  from  the  latter,  an 

iron  rod,  about  the  size  of  the  little  finger,  is  to  be  placed,  taking 

care  to  dispose  the  lights  iu  such  a  way  that  the  two  shadows  of 

the  rod  upon  the  screen  are  contiguous.    The  rod  should  be  pre- 

tioualy  blackened  by  holding  it  in  the  flame  of  a  candle.    If  the 

two  shadows  are  not  of  the  same  depth,  or  degree  of  blackness, 

one  or  the  other  of  the  two  lights  must  be  shifted  towards  the 

icreen,  or  removed  at  a  greater  distance  from  it,  until  looking  at 

the  two  shadows,  by  standing  exactly  opposite  the  paper  screen, 

they  appear  to  have  the  same  degree  of  intensity.    This  point 

l^ong  hit,  the  relative  intensity  of  the  lights  being  directly  as  the 

^vmie  of  their  distance  from  the  screen,  their  comparative  iUu- 

i&inating  power  becomes  known.    Suppose,  for  example,  that  the 

i^  of  inflamed  gas  being  at  a  distance  of  three  feet  from  the 

icreen,  it  is  found  that  the  wax  candle  requires  to  be  moved  to- 

^^iids  the  screen,  at  a  distance  of  two  feet  therefrom,  to  obtain 


tbe  same  depth  of  fibadow,  the  openttor  hu  only  to  tqnara  thesa 
numbers,  and  the  difference  expiMMS  the  proportion: — 
3X3-9J  3x1-4. 

Tl)e  iclBtive  iUuminnting  power  of  the  two  flames  would  then  be 
in  that  cue  aa  4  :  9,  The  flames  to  be  compared  should  be  placed 
at  the  eame  height. 

Detection  of  Air  in  Coal  Gla  (Croozes's  <  Select  Methods  in 
Chemical  Aoalvsis  '). — Tea  pafts  07  weight  of  anbydioat  sulphate 
of  protoxide  of  manganeBe  are  put  into  s  two-neched  Woolf's 
bottle,  and  twenty  parte  of  warm  water  then  added  to  disaolre  ib 
To  this  mixture  b  immediat«lj  added  a  solnUon  of  tea  parte  by 
weight  of  Kochelle  valt  diasolred  in  vxty  parte  of  water :  the 
thorough  mixing  of  the  fluids  ia  promoted  by  well  sbahio^  the 
bottle ;  after  this  a  quantity  of  a  solution  of  cauatic  potuh  is 
added,  eufficieat  to  render  the  fluid  quite  clear.  Immediately  after 
this  perforated  curke  Acted  with  yeiy  tigbtly>fitting  glass  tubes  ate 
placed  in  the  neclm  of  the  bottle,  which  should  be  entirely  filled 
with  the  mixed  fluid  above  descrfbed.  Oae  of  the  glan  tubes — 
the  inlet  tube  fur  tbe  gas  to  be  tested — should  just  dip  a  little 
under  the  upper  level  of  the  fluid:  the  outlet  tube,  on  ^e  other 
hand,  should  only  reach  halfway  the  perforation  of  the  cork,  A 
■.•)r>,r,"   tlLP.»f:li    the   fluid, 
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which  prevents  any  accumulation  of  salt  about  the  inlet  pipe.  In 
pl#ce  of  this  bottle,  a  tube  about  6  inches  long,  an  inch  and  a  half 
in  diameteri  and  drawn  out  at  each  end,  may  be  used ;  it  is  filled, 
of  course,  with  pebbles  moistened  with  sulphuric  acid,  like  the 
bottle,  and  may  be  placed  horizontally.  The  gas  thus  purified 
&om  ammonia  is  consumed  at  the  rate  of  about  half  a  foot  per 
hoar  in  a  Leslie's  burner,  which  is  placed  under  a  long  funnel- 
shaped  tube.  This  tube  is  connected  to  one  end  of  a  large  glass 
cylinder,  similar  to  those  used  for  electrical  machines,  the  other 
end  of  which  is  furnished  with  a  piece  of  glass  tube  about  4  feet 
long,  joined  in  such  a  manner  that  any  products  of  combustion 
condensed  in  it  will  flow  back  into  the  large  cylinder. 

The  means  by  which  ammonia  is  supplied  to  the  burner  are  the 
following : — ^A  wide-mouthed  bottle  filled  with  the  strongest  liquid 
ammonia  is  placed  immediately  beneath  this  burner,  and  a  funnel, 
with  a  short  tin  tube  attached  to  it,  is  placed  over  the  bottle  in  an 
inverted  position.  This  short  tube  passes  through  the  centre  of 
the  burner,  so  that  the  end  of  it  is  about  2  inches  libove  the  top  of 
the  flame.  The  draught  produced  through  the  whole  apparatus 
when  the  burner  is  alight  is  sufficient  to  evaporate  the  ammonia 
in  the  bottle,  which  is  discharged  through  the  tube  into  the  centre 
of  the  receiving-tube  over  the  burner,  and  about  2  inches  above 
the  flame.  Immediate  combination  then  ensues  between  the 
ammonia  and  the  sulphur  products  of  the  consumed  gas,  and  the 
resulting  sulphite  of  ammonium  is  condensed  along  with  the  water 
formed  in  the  large  cylinder.  After  pouring  out  the  solution  and 
rinsing  out  the  cylinder  and  tubes,  the  sulphite  is  converted  into 
sulphate  of  ammonium,  and  the  sulphuric  acid  determined  as 
sulphate  of  barium  in  the  usual  way. 

With  this  apparatus  it  is  only  necessary  to  observe  two  precau- 
tions— to  bum  the  gas  very  slowly,  and  to  keep  up  tl.is  supply  of 
tmmonia.    The  latter  is  of  the  utmost  importance. 

Mr.  Valektin  has  found  that  by  passing  a  mixture  of  coal 
gu  and  air  over  spongy  platinum  and  then  over  a  layer  of  soda- 
lime,  every  trace  of  the  sulphur  is  absorbed  and  arrested. 

Vaktation  of  Coal  for  the  Production  of  Illuminating  Gas 
(Cbookes*8  *  Select  Methods  in  Chemical  Analysis'). — Take 
loo  grains  of  the  coal  in  small  lumps,  so  that  they  may  be 
leadily  introduced  into  a  rather  wide  combustion-tube ;  this  is 
drawn  out  at  its  open  end  (after  the  coal  has  been  put  in),  so  as  to 
form  a  narrow  tube  which  is  to  be  bent  at  right  angles :  this 
oairower  open  end  is  to  be  placed  in  a  wider  glass  tube  fitted  tight 
into  a  cork,  fastened  into  the  neck  of  a  somewhat  wide-mouthed 
bottle,  senrixig  as  tax^vessel  (hydraulic  main  of  the  gas  works). 
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he  cork  alluded  to  u  perforated  with  another  opening',  vheiun  is 
.led  a  plass  tube  beat  at  Tight  angles  for  convejing  the  gu 
i»t  through  a  chloride  of  calcium  tube,  next  through  LlEBie's 
potash  bulbs,  coutaJDiDg  a  solutiou  of  caustic  potash,  having  oiide 
nf  lend  dissolved  in  it.  Next  follows  another  tube,  partly  filled 
nilh  dry  caustic  potash  and  partly  with  chloride  (xf  calcium  ;  from 
this  last  tube  a  gas  deliveir  li^ada  to  a  graduated  glass  jar  stand- 
ing over  a  pDeumatic  trough,  and  acting  as  gas-holder.  Before  the 
ignition  of  the  tube  contaiuiog  the  coal  is  proceeded  with,  all  the 
jioriioDS  of  the  apparatus  are  carefully  weighed,  and  next  joined 
by  means  of  india-rubber  tubing.  After  the  combustion  is 
tini^hed — which  should  be  carefully  conducted,  so  aa  to  prevent 
the  burtitiug  orblowingoutof  the  tube — the  different  pieces  of  the 
tube  are  discounected  nnd  wi^ighed  again.  The  cumbustion-tabe 
lias  to  be  weighed  with  tlie  coal  after  it  has  been  drawn  oat  at  its 
open  eud,  and  with  the  coke  after  the  end  of  the  combustion,  when 
it  id  again  cold,  and  for  that  reason  care  is  required  in  manag- 
ing it.  We  thus  get  the  quantity  of  tar,  ammoaiacal  tcatrr,  carbtmie 
mill,  and  lulphuretted  hydrui/en  (aa  a  sulphide  of  lead  J,  and  the  gas 
U  measured  by  immersing  the  jar  in  water,  cau^ng  it  to  be  at  th« 
elt^-el  inside  and  Out.  Euipty  the  LlEBlo  tufti  ifllO  a  WaW, 
'  "  f  of  lead  by  tiltnitiou,  wash  carefuily, 
*"  '   bide  of  lead,  the  sulphu- 
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proceds  is  followed  in  a  manufactoiy  at  Birmingham,  the  ore 
employed  conaistiDg  principally  of  metallic  sulpho-arseniurets,  and 
containing  generally  about  6  per  cent  of  nickel  and  3  per  cent,  of 
cobalt  The  ore  is  mixed  with  a  small  quantity  of  carbonate  of 
calcium  and  fluor-spar,  and  the  whole  is  heated  to  a  white-red  heat 
in  a  reverberatory  furnace :  the  mass  fuses  at  this  high  tempera- 
ture, and  a  slag  is  obtained  floating  on  the  surface  of  a  fluid  mass, 
of  metallic  appearance ;  the  latter  is  let  out  of  the  furnace  by  a 
particular  aperture,  and  watered,  in  order  that  it  may  be  broken 
into  fragments  with  greater  facility.  It  has  been  ascertained  from 
experience  that  when  the  slag  is  of  a  dull  colour  iron  is  present, 
but  if  its  surface  be  black  and  brilliant  it  is  free  from  that  metal. 
The  metallic  mass  is  reduced  to  a  very  fine  powder,  which  is 
calcined  at  a  bright-red  heat  in  a  furnace,  the  temperature  being 
graduated  so  as  to  avoid  fusion,  and  constantly  raked :  a  consider- 
able quantity  of  arsenious  acid  is  driven  off.  The  air  has  free 
access  to  the  mass,  which  becomes  oxidized  and  diminished  in 
weight  The  calcination,  which  lasts  for  about  twelve  hours,  is 
continued  unjdl  no  more  white  fumes  are  given  off,  and  the  residue 
is  treated  with  hydrochloric  acid,  which  dissolves  nearly  the 
whole  of  it:  the  Uquid  is  diluted  with  water,  and  milk  of  lime 
and  chloride  of  lime  added  to  precipitate  the  iron  and  the  arsenic  -, 
the  precipitate,  after  being  well  washed,  is  thrown  away.  A 
current  of  washed  sulphuretted  hydrogen,  generated  from  sulphide 
of  iron  and  dilute  sulphuric  acid,  is  passed  into  the  liquor  until  it 
is  saturated :  it  is  discontinued,  when  some  ammonia,  added  to  a 
sample  of  the  filtered  liquor,  gives  a  black  precipitate ;  if  there 
was  not  an  excess  of  sulphuretted  hydrogen,  the  precipitate  pro- 
duced by  ammonia  would  be  green:  the  precipitate  is  washed 
and  then  thrown  away,  a  current  of  sulphuretted  hydrogen  being 
passed  into  the  waAh-waters.  The  cobalt  is  then  thrown  down 
with  a  solution  of  hypochlorite  of  lime.  The  precipitate,  washed, 
dried,  and  then  heated  to  redness,  is  considered  to  be  oxide  of 
cobalt,  and  part  is  sent  in  this  state  into  the  market.  Another 
portion  is  heated  to  a  white-red ;  by  this  treatment  the  oxide 
losses  in  weight,  but  increases  in  density ;  it  is  sold  as  protoxide 
of  cobalt.  The  liquid  from  which  the  cobalt  has  been  precipitated 
is  treated  with  milk  of  lime,  which  precipitates  the  nidtel  in 
the  state  of  hydrate :  this  precipitate  is  washed,  dried,  and 
heated  to  redness ;  it  is  then  mixed  with  charcoal,  and,  by  means 
of  a  strong  heat,  reduced  to  the  state  of  a  spongy  nickel,  which  is 
employed  in  the  manufacture  of  German  silver.  The  oxide  of 
oolwlt  thus  prepared  is  remarkably  pure. 
JUducHan  of  Oxide  of  CobaU  to  Hejftdme  CobaU.^The  amall 
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bulb-tutw  of  bud  grlaM  attached  to  the  IT>tliaped  chloride  uldam 
tube  b  (Fig.  16)  baving  been  cuefullj  wughed,  b  ceitun  known 
qitAotitj  of  the  previotulj  wd^ed  oxids  is  intiodueod,  and 
Uie  weight  of  bulb-tube  again  accutataly  noted:  a  stream  of 
hydrogen  gas  dried  by  pining  through  the  U-ehaped  tube  ia 
then  caused  to  flow  thiougli  the  appaiatna  firom  the  flaak  a,  and 
a  flame  applied'to  the  bulb  containing  the  oxide ;  the  heat  mnrt 
at  firat  be  gtintle,  hut  it  miiM  gradually  be  ruaed  to  fiilT  red- 
neas,  this  high  temperature  being  necertai;  to  prevent  the  re- 
duced metal  from  acquitiog  a  pyrophoric  property,  which  wovdd 
cauM  it  to  inflame  on  coming  in  contact  with  atmoapheric  air; 
the  hydrogen  reduces  the  metallic  oxide,  giving  riae  to  a  pro- 
{K.rtional  amount  of  water,  which  eecapea  in  the  form  of  ateem. 
' n  that  waler  no  longer  'cobtiiiuea  to  form,  the  flame 
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oxidoi  after  being  washed,  dried,  and  ignited,  is  reduced  by 
hydrogen  in  the  manner  just  described.  Rose  recommends  that, 
in  the  presence  of  ammoniacal  salts,  cobalt  should  always  be  pre- 
cipitated by  sulphide  of  ammonium. 

Separation  of  Oxide  of  Cobalt  from  Oxides  of  Nickelj  Zinc,  and 
Chromium, 

(a.)  From  Nickel — Several  methods  have  been  proposed  by 
different  chemists,  but  until  recently  Phillips's  process  was  the 
one  generally  preferred,  which  is  as  follows : — 

a.  Method  of  Phillips, — Both  oxides  are  dissolved  in  an  acid, 
and  the  solution  supersaturated  with  ammonia,  having  previously 
added  a  sufficient  quantity  of  sal-ammoniac  to  prevent  any  pre- 
cipitation from  taking  place ;  the  solution,  which  has  a  sky-blue 
colour,  is  largely  diluted  with  water,  which  should  have  been 
previously  well  boiled,  to  free  it  from  atmospheric  air :  caustic 
potassa  is  added  to  the  hot  solution,  and  the  vessel  is  closed  with 
a  cork ;  oxide  of  nickel  is  precipitated,  and  oxide  of  cobalt  remains 
in  solution ;  when  the  former  has  completely  settled,  the  super- 
natant liquid,  which  should  have  a  rose-red  colour,  is  poured 
through  a  filter,  and  the  oxide  of  nickel  washed  with  hot  water, 
ignited,  and  weighed ;  the  oxide  of  cobalt  in  the  filtrate  is  pre- 
cipitated by  sulphide  of  ammonium..  The  reason  why  it  is  neces- 
sary to  dilute  the  solution  of  the  two  oxides  with  water,  free  from 
atmospheric  air,  is,  that  oxide  of  cobalt  in  an  ammoniacal  solution 
ia  converted  into  peroxide  of  cobalt,  which,  precipitating  as  a 
black  powder,  would  contaminate  the  oxide  of  nickel.  The  more 
dilute  the  solution  is,  the  less  easily  does  the  oxide  of  cobalt 
become  oxidized.  When  a  large  quantity  of  ammoniacal  salt  is 
present,  the  quantity  of  caustic  potassa  required  to  precipitate  the 
oxide  of  nickel  is  very  considerable.  According  to  FKesENius,  the 
separation  by  this  method  is  not  complete,  the  cobalt  invariably 
containing  traces  of  nickel,  and  the  precipitated  nickel  often 
tiaoea  of  cobalt 

fi.  Liebiff's  Method, — ^This  is  founded  on  the  following  con- 
siderations : — ^When  any  salt  of  Cobalt  is  warmed  with  cyanide  of 
potasdum  and  an  excess  of  hydrocyanic  acid,  it  is  converted  into 
the  percyanide  of  cobalt  and  potassium,  or  cohaUicyanide  of  potas- 
man  (Co,  Cy^K,),  the  aqueous  solution  of  which  does  not  un- 
dergo any  decomposition  by  boiling  with  either  of  the  mineral 
acida.  Chi  the  other  hand,  the  precipitate  produced  by  cyanide  of 
potaasiam  in  solutions  of  salts  of  nickel  is  redissolved  by  cyanide 
of  potassium,  but  the  solution  is  decomposed  by  dilute  sulphuric 
acid,  cyanide  of  nickel  being  precipitated.  When,  therefore,  a 
mixtdze  of  a  cobalt  and  a  nickel  salt  containing  free  acid  is  treated 
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with  ezcesB  ot  cyuiide  of  potaMum,  uid  digbtlj  warmed,  we 
obtuD  in  aolution  the  double  cyeuide  of  mckel  uid  potaanum,  and 
cobdlticjaaido  of  potaiuum  (Ni  Cy + K  C  j)  +  (Co,  Cy,  K,),  and,  on 
adding  tbe  dilute  sulphuric  ecid  in  the  cold,  three  cues  present 
thenuelvea. 

I.  If  the  cohalt  end  nickel  aziat  in  the  solution  ia  tbe  pro- 
portion by  weight  of  too  cobalt  to  lirat  nickel,  we  hnre  in  tlie 
solution,  3  (Ki  Cy,  KCy)  +  (Co,Cy,K,),  and  the.thiee  eqniTaleota 
of  nickel  replacing  tbe  three  equivalents  of  potassium  in  the 
cobalti cyanide  of  potaaeioin,  produce  cobnltieyaiiide  of  nickel 
(Co,  Cvg  Ni,),  which  is  precipitated  of  a  bliUBh-white  colour, 
leaving  in  the  solution  no  trace  of  either  cobalt  or  nicksL 

II.  If  the  Holulion  contain  Uu  nickel  than  corresponds  to  tbe 
above  proportions,  a  certain  quantity  of  cobaltieyanide  of  potas' 
sium  remains  in  solution,  while  cobalticyaoide  of  nickel  is  still 
predpitAled. 

in.  If  the  solution  contain  mon  nickel  than  corresponds  to 
the  above  proportions,  cobaltieyanide  of  nickel  is  still  preci{u- 
tatcd,  toother  with  the  excess  of  cyanide  of  nickel,  which,  by 
lung  boiling  with  bydiocbloric  acid,  is  completely  converted  into 
chloridu  of  nickel,  which  remains  in  solution. 

Now  cobaltieyanide  of  nickel,  though  insolnble  in  hydro- 
chloric acid,  ia  decomposed  by  boUing  with  caustic  potasaa  into 
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and  the  nickel  into  protocyanide  of  nickel  and'  potassium;  all 
the  cyanogen  is  extracted  from  the  latter  bj  oxide  of  mercury, 
hy  which  the  nickel  is  precipitated  in  the  fonzF  of  oxide ;  oxide 
d  mercury  produces  no  change  in  the  cobalt  compound.  In- 
stead of  adding  oxide  of  mercury  to  the  coM  solution  of  the 
mixed  cyanides,  this  may  be  supersaturated  with  chlorine,  and 
the  resulting  protocyanide  of  nickel  again  dissolved  by  caustic 
potassa.  The  chlorine  has  no  action  on  the  cobalt  compound, 
whilst  the  nickel  compound  is  decomposed,  and  all  the  nickel 
is  at  last  precipitated  as  black  peroxide.  The-  operation  must 
not  be  performed  with  heat,  as  otherwise  sesquioxide  of  cobalt  b 
precipitated  with  the  nickel ;  and  care  must  be  taken  that  during 
the  introduction  of  the  chlorine  the  fluid  is  kept  strongly  alkaline. 
In  analysing  ores  of  nickel,  which  contain  small  quantities  only 
of  cobak,  considerable  excess  of  hydrochloric  acid  must  be  taken 
to  preeipitate  the  cyanides  dissolved  in  cyanide  of  potassiumi  and 
the  mixture  must  be  continued  in  ebullition  for  a  full  hour. 

7.  iCoee's  Method, — This  is  founded  on  the  greater  tendency 
in  the  protoxide  of  cobalt  than  in  the  protoxide  of  nickel  to 
pass  to  a  higher  degree  of  oxidation.    Both  metals  are  dissolved 
in  hydrochloric  acid  ;    the  solution  must  contain  a   sufficient 
excess  of  firee  acid :  it  is  then  diluted  with  much  water ;  if  20  or 
30  grains  of  the  oxides  are  operated  on,  about  2  pints  of  water 
are  added  ta  the  solution.     As  cobalt  possesses  a  much  higher 
colouring  power  than  nickel,  not  only  in  fluxes  but  also  in  solu- 
tionsy  the  diluted  solution  is  of  a  rose  colour,  even  when  the 
quantity  of  nkkel  present  greatly  exceeds  that  of  the  cobalt. 
A  current  of  chlorine  is  then  passed  through  the  solution  for 
several:  hours ;  *"  the  fluid  must  be  thoroughly  saturated  with  it, 
and  the  upper  part  of  the  flask  above  the  liquid  must  remain 
filled  with  the*  gas  after  the  current  has  ceased.      Carbonate  of 
barium  in  excess  is  then  added,  and  the  whole  allowed  to  stand 
for  12  or  18  hours,  and  frequently  agitated ;  the  precipitated  per- 
oxide of  cobalt,  and  the  excess  of  carbonate  of  barium,  are  well 
iruhed  with  cold  water,  and  dissolved  m  hot  hydrochloric  acid ; 
>^  the  separation  of  the  barium  by  sulphuric  acid,  the  cobalt  is 
^edpitated  by  hydrate  of  potassa,  and,  after  being  washed  and 
^M,  is  reduced  by  hydrogen  gas,  in  the  manner  shown  in  Fig.  16. 
The  fluid  filtered  from  the  oxide  of  cobalt  is  of  a  pure  green 
cokmr;  it  is  free  from  any  trace  of  cobalt    After  the  removal 

*  Mr.  Henry  recommends  a  solution  of  bromine^  which  is  to  be  added  till 
^aolntion  tmeUs  strongly  of  it ;  he  found  this  to  answer  equally  well  with 
^^fKioB,  and  the  process  is  rendered  less  tedious  and  unpleasant. 
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of  the  bAriain  by  menna  of  Bulphiuic  acid,  the  oxide  of  nickel  ia 
precipitated  hj  caiutic  potuao.  To  enaora  accurate  temilts,  it  is 
indispensably  necesMirj  to  wait  a  conraderaUe  time,  at  least  ii,  or 
even  better  1 8  hours,  i^ler  Uie  addition  of  the  carbonate  of  buinm, 
as  the  oxide  of  cobalt  ia  piedptated  very  ilowlj. 

/,  Another  Method. — The  two  oxidea  tie  oorered  with  hydro- 
cyanic add,  and  then  potaaaa  added  till  %  portion  lemaioB  imdi*~ 
solved.  The  eolutirn  is  kept  boiling  for  a  quartet  of  an  honr, 
moist  hydrated  oxide  (^  mercury  is  then  added  till  a  portion 
rerouns  undiseolred;  a  green  preciintate  occors  containing  all 
the  nickel,  with  the  excess  of  oxide  of  mercury.  By  ignition, 
pure  oxide  of  nickel  lemainB.  Acetic  add  is  added  to  the  filirate 
to  aid  reaction ;  it  ia  then  predpitated  with  blue  vitriol.  The  blue 
predpitata  contains  all  the  cobalt ;  thia  ie  dried,  ignited,  redia- 
solved  in  hydrochloric  add,  the  copper,  predpitated  by  sulphuretted 
hydrogen,  and  then  from  the  filtrate,  the  cobalt  by  potaaaa.  The 
method  depends  upon  the  fact  that  ntcMo-t^anide  of  potusiuitt 
is  decomposed  by  oxjda  of  mercnry,  while  coiaA«-cyanide  of  potM- 
sium  experiencea  do  chaDge. 

<b.)  From  Oiide  of  Zinc. — The  aibove  method  may,  according 
to  BoBB,  be  employed  for  the  separation  of  tbeae  two  oxide*, 
and  also  for  thnt  of  other  oxides  ttom  oxide  of  cobalt,  which  an 
strongly  ha^c,  and  which  are  not  converted  into  aaperoxidea; 
oxide  of  zinc  may  likewise  be  separated  fhim  oxide  of  cobalt 
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appearance  is  sometimes  artificiall  j  given  by  moistening  the  genuine 
cochineal  with  gum-water,  and  then  shaking  it  about  in  a  bag  or 
box  containing  pulverized  sulphate  of  barium,  by  which  the 
appearance  of  silver  cochineal  is  at  once  imparted,  the  weight  of 
this  expensive  article  being  thus  increased  to  the  extent  of  10  or 
12  per  cent,  with  wortblsss  heavy  spar,  which  is  then  sold  at  the 
price  of  cochineal. 

Pulverized  sail  and  carbonaf^  of  lead,  Venice  talc  and  steatite, 
are  used  in  the  same  manner  to  imitate  silver  cochineal. 

AU  these  falsifications  may  be  detected  by  macerating  the 
cochineal  in  water ;  the  pulverized  substances  become  loose,  and 
may  then  be  easily  separated  by  decanting  the  turbid  liquor  and 
allowing  to  settle. 

In  order,  however,  to  determine  the  tinctorial  power  of 
cochineal,  the  operator  should  take  20  grains  of  the  sample  of 
cochineal  under  examination,  and  also  20.  grains  of  a  sample  of 
cochineal  known  to  be  genuine,  and  both  should  be  boiled  sepa- 
rately in  a  quart  of  water  for  the  same  space  of  time ;  each  decoc- 
tion  18  thrown  upon  a  separate  filter,  and  the  liquors  are  poured 
into  two  glass  measures  capable  of  holding  a  quart ;  water  is  then 
added  to  each  so  as  to  make  up  the  quart  An  equal  quantity  of 
each  of  these  liquors  being  now  poured  into  the  tubes  of  the 
colorimeter  (see  Indigo),  the  difference  of  colour  may  be  ascer- 
tained and  estimated  from  the  proportion  of  water  which  must  be 
added  to  the  deeper  solution  to  bring  it  to  the  same  hue. 

Or  else,  an  equal  portion  of  each  of  the  two  decoctions  may  be 
poured  into  two  graduated  tubes,  and  then  an  aqueous  solution  of 
chlorine  is  added  until  the  liquor  becomes  yellow.  The  diflerence 
in  the  quantity  of  the  chlorine  solution  employed  to  decolorise 
each  liquor  indicates  the  difference  in  the  quality  of  the  cochineal. 

COCXIA.     See  CHOCOLATE. 

COWWrnm, — ^The  principal  species  of  coffee  are  the  Mocha  or 

Turkey  coffee,  Jamaica,  St  Domingo,  Cuba  and  Porto  Rico, 

TifvikaeBj  Bemerara,  Bourbon,  Martinico,  and  Hayti.    All  species 

of  coffee  improve  l^  keeping.  Coffee  is  in  the  best  condition  when 

two  or  three  years  old. 

The  physical  characteristics  of  coffee  are  the  following : — The 
Wis  or  berries  should  be  of  middle  size,  soft  and  rounded,  of  a 
gicnish  colour,  free  from  impurities ;  and  they  should  not  have 
^  digheat  odour  of  mouldiness  or  any  other  odour,  for  the  berries 
^  coffee  absorb  most  readily  the  effluvia  frt)m  other  bodies,  and 
^Qs  acquire  an  unpleasant  flavour.  Many  cargoes  of  coffee  have 
W  spoiled  from  having  been  shipped  with  or  even  put  into 
^'^iiels  which  had  previously  been  freighted  with  sugar.  A  few 
^^  of  pepper  are  aoficient  to  spoil  a  whole  shipload  of  coffee. 


ColTee,  even  thst  of  the  t«i7  beat  quality  and  in  tiie  beet  eon- 
ditioii,  may  be  impured  iy  Improper  routing,  which  oper&tioo  ia 
one  of  some  nicety,  and  eeldom  well  performed.  If  roasted  too 
little,  the  aroma  of  the  coffee  will  not  be  fnllj  developed,  and  the 
best  coffee  may  then  yield  a  vapid  or  effete  inrnmon,  of  a  yrsm 
flavour ;  if  roasted  too  mnch,  the  arom  of  the  coffee  i*  dia- 
sipated,  and  tbe  iufueion  will  have  «  fla^  Utter  taate. 

Coffee,  after  being  iCMted  to  the  prtfper  degree,  ahonld  be 
empded  whilst  hot  in  wooden  bozee,  fnmished  with  aoond  and 
well-fittmg  covete ;  and  it  should  be  kept  therein  until  cold,  and 
not  emptied  in  on  open  hurdle,  to  wluch  a  see-Mw  motion  is  giren 
in  order  to  cool  it  rapidly,  as  done  in  Eo^^and.  If  roaatad  in 
smftll  quantities,  it  may  be  emptied  in  a  sheet  of  brown  paper,  and 
the  whole  wrapped  up  in  »  blanket  of  flannel  until  cold,  the  same 
sheet  of  brown  paper  being  kept  &)r  that  purpose. 

Roasted  coffee  should  be  preaerred  in  well-closed  and  per- 
fectly dry  vessels.  The  berries,  when  properly  rotated,  ore  of  a 
full  and  rich  brown  colour,  bright  and  oily  saperQcially. 

Coffee  in  grains— that  is,  unground — maybe  of  inferior  quality, 
or  it  may  have  beeo  spoiled  by  contact  with  other  substaocet 
or  damaged  by  seOr-water ;  bat  as  the  berry  itself  cannot  be  adul- 
terated, damaged  coffee  can  be  directly  detected,  merely  by 
smelling  or  chewing  a  few  of  th»  beans.  But  when  gromid,  tbe 
case  ia  different,  and  coffee  may  then  be,  and  in  fact  u,  adulterated 
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to  bay  his  coffee  unffrownd^  and  to  add  thereto  whatever  propor- 
ticm  of  chicory  may  suit  hiB  taste. 

With  respect  to  the  xnediciDal  properties  of  chicory,  which  are 
sud  to  be  such  as  to  improve  those  of  the  coffee,  and  to  modify  its 
stimulating  action ;  if  it  does  so,  it  cannot  be  otherwise  than  by 
dilution ;  and  those  who,  on  that  account,  consider  the  addition 
not  only  as  unobjectionable  but  as  proper,  should  on  the  same 
ground  allow  the  grocer  to  mix  hay,  or  straw,  or  bran  with  his 
tea»  with  a  sprinkling  of  extract  of  logwood,  and  the  publican  to 
add  water  to  his  beer  and  spirits,  the  whole  out  of  pure  regard  to 
the  health  of  the  customer,  and  merely  to  correct  or  modify  the 
stimulating  action  of  these  goods.  Chicory  has  no  other  virtue 
than  that  of  imparting  a  brown  colour  to  the  water  in  which  it  is 
boiled  or  infused,  of  giving  at  the  same  time  to  the  liquid  a  flat^ 
iweetbh,  bitter  taste,  and  of  being  much  less  expensive  than  coffee. 
Water,  in  reference  to  beer  and  spirits,  possesses  the  last  quality  in 
an  eminent  degree,  and  if  used  by  the  publican  to  the  same  extent 
as  the  chicory  by  the  grocer,  there  would  be  no  drunkards. 

However  this  may  be,  the  adulteration  of  coffee  by  chicory 
may  be  detected  in  the  following  manner : — 

Ab  the  roots  of  chicory,  after  having  been  kiln-dried,  roasted, 
and  ground,  resemble  ground  coffee  so  closely  as  to  defy  detection 
when  mixed  with  it,  it  becomes  altogether  impossible  to  detect  its 
presence  by  the  eye  alone ;  but  if  a  little  of  the  suspected  coffee 
be  first  moistened,  and  then  rolled  between  the  fingers,  it  will,  if 
in  any  quantity,  form  a  little  pellet  or  ball ;  whilst  pure  coffee, 
treated  in  the  same  manner,  cannot  be  agglomerated,  and  remains 
in  powder. 

The  presence  of  chicory  may  also  be  detected  by  throwing  a 
portion  of  the  suspected  coffee  into  a  glass  of  water,  without 
stirring;  the  coffee  remains  for  a  while  floating         F10.17. 
on  the  surface,  but  the  ground  chicory  absorbs 
the  water  immediately,  and  falls  to  the  bottom  of 
the  veseel,  imparting  a  yellowish  or  brownish- 
yellow  colour  to  the  liquour.    If  the  coffee  under 
sxamination,   instead  of  being    thrown  into  a 
tumbler,  is  put  into  an  inverted  bottle  from  which 
tiie  bottom  has  been  removed,  or  into  a  funnel, 
te  chicory,  which  falls  down  first,  may  be  at  once 
atpezated  by  adroitly  removing  the  cork  and  col- 
lecting the  chicory  in  any  convenient  vessel  placed. 
mdemeath ;  after  which  it  may  be  easily  iden- 
tified by  its  taste  and  .pastiness. 

When,  instead  of  chicory,  roasted  com,  peaS;  or  beans  are 
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employed,  tlie  operator  ma;  detect  the  fraud  by  fint  making  an 
inrusion  o!  the  suspected  coffee,  decolnriamg'  it  as  much  u  poa- 
uble  b;  means  of  aoimal  charcoal,  aad  testing  the  cold  liquor  with 
nn  aqueous  or  an  alcoholic  aolutirin  of  iodine,  which  in  that  caae 
will  produce  the  characteristic  blue  colour  indicatiTe  of  the  pn- 
seoce  of  starch. 

Not  only  is  coffee  adulterated  in  the  manner  described,  but 
the  adulterating  substance  itnelf  is  often  sophisticated.  Tbus 
ground  chicory  is  often  mixed  with  torrrfied  groand  rice  and  com, 
roanled  bincuit  or  bread,  which  are  cheaper  tbao  chicory.  The 
presence  of  these  substances  may  be  detected  in  chicory,  as  in 
coffee,  by  means  of  a  solution  of  iodine ;  aod  rIso  bocftuse,  when 
thrown  into  an  inverted  bottle  Or  funnel,  as  above  described,  the 
chicory,  abaorbtog  water  more  rapidly,  falls  at  the  bottom  first, 
and  may  be  separated,  as  mentioned  before. 

Chicory  powder  has  been  adulterated  also  with  bricJcdtut, 
ochre,  and  otber  earthy  matters,  the  presence  and  amount  of  which, 
however,  may  be  most  readily  determined  by  iocineratfog  a  giren 
weight  of  the  suspected  article.  100  grains  of  pure  chiooiy  yield 
from  4  to  5  grains  of  fixed  residue ;  the  eiceu  indicates  the 
baud. 

Od  the  Continent,  the  material  chiefly  used  to  adulterate  both 
cAicon/  and  coffee  is  coffee-grounds ;  this  may  be  detected  by  firat 
drying  the  suspected  chicory  in   a  water-bath,  and  throwing  a 
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pallj  from  the  Copaifera  offidndUsy  CopaHfera  hijitga.    Its  composi- 
tion is  stated  by  G^erber  and  Stobze,  as  follows : — 

Volatile  oil  .  .  .  32*0  to  47*00 
Copaivic  acid  .  .  .  38*0  „  52*00 
Viscid  resin      .        .        .     1*65   „     2*13 

Balsam  of  copaiba  is  a  liquid  of  an  oily  consistence,  transpa- 
rent, of  a  yellowish  white  colour,  of  a  strong,  disagreeable  odour, 
and  of  a  bitter,  acrid,  nauseous  flavour.  It  thickens  by  exposure, 
and  becomes  more  yellow ;  its  specific  gravity  is  0*95,  and  it  is 
perfectly  soluble  in  rectified  alcohol.  The  balsam  of  copaiba 
which  comes  from  Brazil  is  considered  the  best ;  that  from  the 
West  India  Islands  is  less  limpid  than  the  other. 

Formerly,  balsam  of  copaiba  was  frequently  adulterated  with 
fixed  oils ;  but  as  it  is  entirely  soluble  in  rectified  alcohol,  the 
fraud  can  at  once  be  detected  by  treating  the  suspected  bdsam 
with  that  menstruum  which  will  leave  the  oil  undissolved.  This 
adulteration,  however,  is  seldom  resorted  to  now,  and  instead  of 
the  ordinary  fixed  oils,  castor-oil,  which  is  also  soluble  in  alcohol, 
is  more  ordinarily  employed  for  the  purpose.  This  sophistication 
may  be  detected  in  various  ways. 

Mr.  Adder* 8  process  consists  in  mixing  the  balsam  with  a  solu- 
tion of  caustic  soda,  and  agitating  the  whole  violently.  The  liquor 
becomes  miUiy  at  first,  but  if  it  be  left  at  rest  for  a  few  hours, 
the  balsam,  if  pure,  gradually  separates  without  alteration,  and 
finally  floats  upon  the  alkaline  solution,  which  has  become  trans- 
parent; but  if  the  balsam  contains  castor-oil,  a  homogeneous 
aoepy  mass  is  formed,  of  a  thick  or  even  solid  nature. 

Mr,  Henry's  process  consists  in  boiling  the  suspected  balsam — 
for  example,  one  drachm — in  about  a  pint  of  water,  in  an  open 
ireeaeL  After  boiling  it  for  four  or  five  hours,  the  balsam,  if  pure, 
'w^  have  been  converted  into  a  dry,  brittle  resin,  with  a  vitreous 
fnictore ;  but  if  it  contains  castor-oil,  it  will  be  left  in  the  state  of 
ifc  more  or  less  plastic  mass  proportionate  to  the  quantity  of  castor- 
oU  with  which  it  may  have  been  mixed. 

A  ampler  method  of  obtaining  the  same  result  consists  in 

pouring  a  drop  of  the  balsam  upon  paper,  and  carefully  evaporat- 

^^9  it  over  a  lamp.    If  a  transparent  and  hard  spot  is  left  on  the 

PM^)  the  balsam  is  pure ;  in  the  contrary  case  the  film  of  resin 

^ft  on  the  paper  will  be  soft,  and  an  oily  stain  will  be  observed 

1      ^  ttoond  it,  which  is  due  to  the  absorption  of  the  oil  by  the 

^  Another  process  consists  in  putting  into  a  watch-glass  three 
E  ^lopB  of  the  balsam  under  examination,  and  then  adding  one  drop 
V  La 
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of  coneentnted  anlpliuiio  acid  1^  the  aide  of  iL  At  the  point  of 
contact  the  mass  becomes  ytilloniah,  tod  of  a  mSrcin  colour  tU 
through,  on  Btirring  it  with  a  gliM  tube.  But  if  the  balsam  con- 
tains aiij  CHstor-oil,  it  turns  yellow  at  fiiat,  and  soon  becomes  de- 
colorized, aad  haa  the  eppeamuce  of  white  honey.  In  dther  case 
the  tnaas  is  ultimately  charred  by  a  prolonged  contecL 

Mr.  HancMt  prone**  coogietB  in  mixinf^  thtee  pAiis  (by 
measure)  of  the  balsam  with  one  part  of  dilute  ammonia  of  ap. 
gr.  0*965,  or  weaker  stiU ;  the  mixture  should  be  made  in  a  glaae 
tube  cliMed  at  one  end  and  well  corked.  The  whole  is  then  shaken, 
tmd  if  the  copdiba  be  pure  the  mixture  becomee  tiansparent  in 
Ihe  comee  of  a  few  minutee ;  but  if  it  contain  any  castor-ml,  it 
forms  a  liniment  the  opacity  of  which  is  in  proportion  to  the 
quanti^  of  castor-oil  preseDt.  To  ensure  success  the  tempemtiue 
^ould  not  be  above  jd"  Fahr.  The  presence  of  one-twentieth 
part  of  castor-oil  may  be  detected  by  this  process. 

M.  Bhndtau't  proceu  consists  in  triturating  one  part  of  the 
balsam  with  four  parte  of  carbonate  of  magneeium  well  pulveriied ; 
the  miiture  is  then  lert  at  rest,  and  in  the  course  of  a  few  hours 
it  becomes  transparent,  but  thick,  like  a  mucilage  of  gum  arslnc ; 
but  if  cas(or-oi!  is  prasent  the  mixture  remains  turbid.  The  mag- 
nena  may  be  dissolved  with  effervescence  by  an  acid,  and  the 
balsam  will  then  remun  transparent  if  pure,  but  in  the  contauj 
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The  best  way  of  detecting  the  admixture  of  resin  dammar,  or 
of  resin  anime,  with  copal,  consists  in  treating  a  given  weight  of 
the  resin  under  examination  with  highly  rectified  alcohol,  which 
dissolyes  both  the  dammar  and  the  anime,  but  leaves  the  oopal  in 
the  state  of  a  viscid,  swollen,  and  somewhat  elastic  mass. 

Copal  has  sometimes  been  mixed  with  pieces  of  insoluble 
gum.  When  the  lumps  are  sufficiently  large,  the  fraud  can  hardly 
fail  being  immediately  detected,  the  external  appearance  of  the 
pieces  of  gum  being  most  obviously  different.  But  when  the 
whole  is  broken  in  small  fragments,  the  admixture  cannot  be  so 
easily  detected  by  its  physical  characters.  Resin  copal,  however, 
being  completely  soluble  in  ether,  whilst  gum  is  altogether  in- 
soluble in  that  menstruum;  the  two  substances  may  thus  be  most 
readily  separated. 

COPVXK  (Analysis  of  Copper  <hres). — (a.)  Oxygenated 
creSj  comprising  oxidej  suboxide,  mahchUe^  and  phosphate  of  cQpper 
(MoHB).  According  to  the  richness  of  the  ore  to  be  assayed,  firom 
75  to  150  grains  of  the  mineral  reduced  to  an  impalpable  powder 
are  warmed  with  weak  sulphuric  and  nitric  acids ;  the  mixture  is 
boiled,  evaporated  to  dryness,  and  then  calcined  until  it  ceases  to 
disengage  vapour.  The  copper  becomes  transformed  into  sulphate, 
not  decomposable  by  moderate  heat,  and  very  soluble  in  sulphuric 
add.  On  the  contrary,  iron  is  converted  into  slightly  solub1<^ 
iJBrric  subsulphate,  and  lead  into  insoluble  sulphate.  With  tin 
and  onHnwny^  nitric  acid  forms  oxides  which  resist  the  action  of 
solvents.  When  the  capsule  is  cool,  dbtilled  water  is  added  and 
the  solution  boiled.  It  is  then  filtered ;  the  filtrate  contains  all 
the  copper,  and  small  quantities  of  ferric  sulphate.  On  treating 
this  solution  with  smc,  the  ferric  salt  is  reduced,  and  the  copper 
precipitated  by  boiling,  in  the  metallic  state.  To  make  sure  of 
the  complete  precipitation  of  the  metal,  it  suffices  to  add  a  little 
solution  of  sulphuretted  hydrogen  to  a  drop  of  the  supernatant 
liquid.  To  free  the  copper  from  excess  of  zinc,  the  powder  is 
treated  with  hydrochloric  acid,  until  it  ceases  to  disengage  bubbles 
of  hydrogen  gas.  The  metal  freed  from  zinc  is  washed  with  hot 
^Ustilled  water;  the  action  of  the  air  must  be  avoided  when  the 
aolntion  is  acid,  because  a  portion  of  copper  would  dissolve ;  but 
it  is  easy  to  avoid  this  inconvenience  by  effecting  the  washing 
pomptly.  The  reduced  copper  is  dried  in  the  water-oven  till  it 
to  lose  weight.  The  presence  in  the  ore  of  zmc,  manr 
iron,  eobalt,  and  nicM,  does  not  affect  the  precision  of  the 

iDslysii^  neither  of  these  metals  being  precipitated  by  zinc 

(b.)  Sid^huretted  Ores. — ^The  treatment  by  sulphuric  and  nitric 

idd  most  be  several  times  repeated,  drying  and  calcining  the 
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metal  between  each  treatment  with  ncid.  This  method,  the 
autbnr  thinka,  hoa  the  advantage  of  being  applicable  to  all  ores, 
whatever  their  composition,  and  of  not  uecesmtAtiag  a  pielimioarf 
qualitative  analysis.  In  the  second  place,  the  copper  is  Mpat&t«d 
from  metals  (lead,  tin,  and  antimony),  from  which  it  is  &eed  with 
difficulty  by  ordinary  methods,  whilst  four  metals  (sine,  iron, 
cobalt,  nkkel)  do  not  influence  the  exactness  of  the  eetimatdon,  and 
may  be  disregarded. 

LoixVi  Method  of  determinrng  Copper, — This  is  a  modification 
of  the  method  proposed  by  Fucb  for  the  quantitative  estimation 
of  iron  {tee  IsoN').  The  cuprous  solution  is  introduced  into  a  flaek 
that  can  be  accurately  closed  with  a  glass  stopper  ;  ammonia  is 
added  till  the  liquid  assumes  a  transparent  blue  colour,  and  the 
flask  is  then  filled  with  water,  from  which  all  atmospheric  lur  has 
been  expelled  by  boiling;  a  clean  and  accurately  weighed  slip  of 
copper  is  introduced  into  the  bottle,  which  is  immediately  cloaed ; 
when  the  liquor  has  become  perfectly  colourless,  the  alip  ie  le- 
moved,  washed,  dried  and  weighed ;  the  diminntion  in  weight 
which  it  has  undergone  indicates  the  amount  of  copper  originally 
present  in  the  solution.  The  result  which,  when  properly  con- 
ducted, is  very  accurate,  depends  on  the  abstraction  of  one  equiva- 
lent of  copper  from  the  slip  by  every  equivalent  of  oxide  of 
copper  \a  iLiJ  ^rilution  tit  foriu  an  equivalent  of  aubosidij  nf  cnf)per 
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into  a  tube  graduated  and  divided  into  tenths  of  a  cubic  centi- 
metre ;  the  ammoniacal  solution  ifl  heated  to  boiling,  and  the  solu- 
tion of  the  sulphide  gradually  added.    If  we  suppose  that  it  re- 
quired 31  cubic  centimetres  to  decolorize  i  gramme  of  copper,  we 
have  a  standard  solution  of  known  strength.    To  apply  this  to 
the  analysis  of  copper  alloys,  a  certain  known  weight  is  dissolved 
in  aqua  regia,  the  solution  is  supersaturated  with  ammonia,  heated 
to  boiling,  and  the  standard  solution  of  the  sulphide  added  until 
it  is  decolorized,  taking  care  to  add  from  time  to  time  a  little 
dilute  ammonia  to  replace  that  which  is  evaporated.  The  decrease 
in  the  depths  of  the  blue  tint  points  out  that  the  end  of  the  ex- 
periment is  more  or  less  near,  and  when  it  is  requisite  to  add  the 
last  portions  of  the  sulphide  in  drops.    When  the  operation  is 
supposed  to  be  finished,  the  number  of  divisions  employed  for  the 
decoloration  is  read  of!',  and  compared  with  the  number  required 
to  decolorize  an  equal  weight  of  pure  copper.    It  must  be  re- 
marked that  the  ammoniacal  liquor  from  which  the  copper  has 
been  precipitated  does  not  long  remain  colourless,  but  gradually 
becomes  blue  in  consequence  of  the  sulphide  of  copper  becoming 
partially  converted  into  sulphate  by  the  absorption  of  oxygen. 
Thia  mode  of  operating  is  not,  accoi-ding  to  the  author,  liable  to 
an  error  amounting  to  more  than  j—^  or  j^^*  though  still  greater 
accuracy  is  obtained  by  completing  the  decoloration  of  the  blue 
liquid  with  a  very  weak  solution  of  sulphide,  precisely  in  the 
manner  recommended  by  Oat-Lussao  in  his  '  Analysis  of  Silver 
Alloys  by  Standard  Solutions  of  Common  Salt.'    Neither  tirij 
unCf  cadtnium,  had,  antimony,  tron,  arsenic,  nor  bismuth,  in  any  way 
interfere  with  the  success  of  this  process,  not  being  in  the  least 
affected  by  the  sulphide  of  sodium  while  a  trace  of  copper  remains 
to  be  precipitated ;  indeed  the  author  found  that  when  the  sul- 
phides of  zinc,  cadmium,  tin,  lead,  bismuth,  and  antimony  are 
placed  in  contact  with  ammoniacal  solution  of  sulphate  of  copper, 
they  decolorize  it,  some  in  the  cold,  others  with  the  assistance  of 
hen^  which  proves  very  elegantly  that  these  sulphides  cannot 
existy  except  perhaps  for  an  instant,  in  a  solution  of  copper.  Their 
formation  subsequently  to  the  decoloration  has  no  influence  on 
the  Insult  of  the  analysis,  as  the  termination  of  this  is  judged  of 
by  the  decoloration  of  the  liquid,  without  paying  the  least  atten- 
tion to  the  precipitates  which  subsequently  form ;  or,  if  any  at- 
tention tf  paid,  it  is  only  with  a  view  to  obtain  some  know- 
ledge of  the  nature  of  the  metals  which  accompany  the  copper. 
TkoM,  if  any  alloy  consists  of  copper,  lead,  tin,  and  zinc,  the 
pwence  of  zmc  is  readily  detected  by  the  white  precipitate  which 
Booeeeda  the  black  precipitate  of  sulnhide  of  copper  the  lead  and 
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tin  being  precipitated  at  the  outset  hj  ainmoiiia.  OnfetMim,  lik« 
zinc,  is  precipitated  immediately  after  the  copper.  The  Tory 
moment  the  liquid  Ib  obserTed  to  be  decoloriied,  a  beautiful  puis 
yellow  precipitate  of  sulphide  of  cadmium  ia  fimned,  if  the  addi- 
tion of  sulphide  be  cootinaed.  If  the  alloy  contain  lihtr,  that 
metal  ia  previoualy  precipitated  from  the  nitrio  solution  byhjdto- 
cbloiic  Kcid.  Ia  thia  method  of  eatimsting  copper,  an  important 
properly  of  ammonia,  beddea  that  of  hdghtening  the  colour,  ia 
that  it  prevents  the  salts  of  copper  being  precipitated  bj  SM^tifsi 
and  hi/piimiiphUet,  without  which  it  would  probnblj  have  been  im- 
pOBffible  to  estimate  the  copper  bj*  means  of  solntions  of  the  alka- 
line sulphides,  since  theee  salts  almost  always  occur  in  the  ■llr»lin« 
sulphide,  and  are  moreover  produced  from  them  by  contact  with 
the  ait.  A  solution  of  sulphide  of  sodium  becomes  weaker  bj 
contact  with  the  air,  but  the  alteration  ia  very  alow,  nor  ia  it 
necessary  to  change  the  liquid  as  long  as  any  remains  in  the  flask 
in  which  a  quantity  has  been  prepued.  The  only  precauticm  to 
be  tslcen — and  it  is  one  which  applies  to  all  standard  solutions — is 
to  determine  previously  to  each  assay  the  actual  stnngth  of  tha 
laifMde  with  a  Imown  weight  of  pure  capper.  Phlodu  states,  in 
conclusion,  that  this  method,  applied  to  the  analyna  of  ooppoi 
ores,  yields  results  of  the  greatest  accuracy. 

inalen.' xcii.  p.  S»7l.— Thia 
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(c.)  Schwartz's  Method  ('  Annal.  der  Chemie  und  Pharm.'  84). 
— This  is  based  on  the  fact  that  suboxide  of  copper  reduces  iron 
from  the  state  of  sesquichloride  to  that  of  protochloride. 

To  a  solution  of  the  compound  in  nitric  acid,  or  in  water  con- 
tained in  a  porcelain  basin,  is  added  a  solution  of  neutral  tartrate 
of  potassium,  and  then  potassa  or  soda  in  excess ;  the  blue  fluid 
obtained  is  warmed  on  the  water-bath  with  an  aqueous  solution  of 
grape  or  milk-sugar ;  the  action  is  allowed  to  continue  until  the 
blue  fluid  begins  to  turn  brown ;  the  precipitate,  consisting  of  sub- 
oxide of  copper,  is  allowed  to  subside,  and  then  Altered  and  washed 
with  hot  water,  till  the  washing  water  passes  through  colourless. 
The  filter  with  its  contents  are  then  transferred  to  the  porcelain 
basin,  and  pure  sesquichloride  of  iron  added  in  slight  excess,  to- 
gether with  a  little  hydrochloric  acid ;  gentle  heat  is  applied,  and 
when  the  snbchloride  of  copper  which  is  at  first  formed  is  redis- 
solved,  the  solution  is  filtered  into  a  capacious  flask,  and  the  re- 
mains on  the  fllter  well  washed ;  it  is  then  allowed  to  cool  to 
about  70®,  and  the  amount  of  protochloride  of  iron  determined  by 
a  standard  solution  of  permanganate  of  potassium.  Every  28 
parts  of  iron  found  in  the  state  of  protochloride  indicate  3175 
parts  of  copper. 

(d.)  IfeUmafm* 8 Method (liDSEiQ'sAnuBlenf'Aipnlji^S^y  p.  i^i), 
— When  the  solution  of  copper  is  free  from  nitric  acid,  or  injurious 
metals,  such  as  antimony  and  arsenic,  the  copper  is  precipitated 
with  pore  metalHc  zinc,  the  excess  of  which  metal  is  got  rid  of  by 
digestion  with  pure  sulphuric  acid ;  the  precipitate  is  washed,  and 
dissolved  in  an  add  solution  of  pure  perchloride  of  iron.  The 
solution  of  the  copper  takes  place  almost  instantaneously,  and 
famishes  double  its  equivalent  of  protoxide  of  iron,  which  is 
determined  by  permanganate  of  potassium ;  when  nitric  acid  is 
present,  ammonia  is  added  in  excess,  and  the  precipitation  of  the 
copper  efiected  in  the  filtered  solution,  by  pure  zinc  shavings. 

(e.)  Terreiti  Method  (*  Comptes  Rendus,'  Feb.  i,  1858).— The 
cnprous  mineral  is  dissolved  in  nitric  acid,  which  is  completely 
driven  off  by  concentrated  sulphuric  acid,  the  nitrates  being  con- 
verted into  sulphates,  ammonia  is  added  in  excess,  and  the  liquid 
filtered;  it  is  then  boiled  with  sulphite  of  ammonium  until 
colourleos,  and  the  excess  of  sulphurous  acid  is  driven  off  by  boil- 
ing with  hydrochloric  acid;  the  solution  is  then  diluted  vrith  water, 
and  treated  with  a  standard  solution  of  permanganate  of  pota^ 
•tnm. 

(f.)  By  Cyanide  of  Fotasmm  (Parkib  and  Mohb). — The  sub- 
•tanoe  la  dissolved  in  an  add,  and  ammonia  added  in  excess ;  a 
notmal  solution  of  cyanide  of  potassium  is  then  added  from  a 
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burette  until  the  blue  colour  disappeus ;  tvro  equii-alenta  of 
cyanogen  tire  necessdrj  to  decoloriie  onn  of  copper  in  ammonia. 
Id  this  method  Field,  who  has  subjected  the  ToriouB  procesaee  for 
determining  copper  to  S  critical  ex&miQatioii  ('  Chem.  News,'  vol.  L 
pp.  24,  61,  73),  remarks  that  great  caution  end  consider&ble  prac- 
tice  nre  ri^quired  to  detenuioe  the  Deceasaiy  amount  of  cjanide, 
aa  towarda  tbe  eod  of  the  process  the  decoloriiation  is  not  very 
distinct,  (he  aolution  naguming  ft  delicate  violet  tint  ivhich  fades 
Terj  gTAduall}',  leaving  at  length  the  liquid  destitute  of  colour ;  it 
is  safer  to  leave  a  verj  slif^ht  tint,  m  it  disappear  after  the  InpsB 
of  twenty-four  hours.  If  iron  be  present,  it  is  better  not  to  filter 
off  tbe  peroxide  predpitated  by  ammonia,  as  it  is  eiceedinglf 
diHicult  to  wash  the  copper  out  of  it,  and  the  estimatioQ  of  the 
copper  can  be  perfectly  BfTooled  in  the  solution,  in  its  prsMnce. 
The  solution  of  cyanide  recommended  by  FlELS  is  1,300  grains  ot 
the  salt  dissolved  in  four '  pints  of  natei',  about  50  grains  of  the 
mineral  being  employed;  vith  alloys  of  tin  and  copper,  anttmony 
and  copper,  and  araenic  and  copper,  this  method  is  available ;  but 
it  cannot  be  applied  to  the  analysis  of  alloys  of  copper  and  inic,  or 
of  copper  and  itiiKr ;  the  pieeeact)  of  nickel  and  cobalt  likewise  in- 
terferes with  its  accuracy.  Fleck  (' Poljtech.  Centralblatt,'  1859, 
P'  '3' 3)  recommends  to  dissolve  the  copper  compound  incnrhmotc 
0/  amnumiitm  instead  of  ammonia,  and  to  add  a  drop  of  ferro- 
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is  employed^  and  little  hydrochloric  acid  present,  there  is  not 
much  didiloride  of  copper  in  solution. 

MM.  Plxbst  and  Mobeau  have  founded  a  method  of  estimat- 
ing copper  on  the  following  reaction : — 

CuCl  +  Cu  =  Cu,Cl. 

The  solution  of  protochloride  is  made  as  nearly  neutral  as 
possible  by  the  addition  of  ammonia,  and  the  liquor  is  then 
Tendered  green  by  the  cautious  addition  of  hydrochloric  acid :  a 
strip  of  copper  is  boiled  in  this  solution  until  it  becomes  colour- 
leas  ;  the  loss  of  weight  indicates  the  amount  of  metal  in  the 
chloride. 

E.  O.  Bbown  ('  Quart  Joum.  Chem.  Soc,'  vol.  x.  p.  65)  dis- 
solves the  copper  compound  in  nitric  acid,  adds  carbonate  of  sodium, 
and  afterwards  acetic  add  in  excess.  Iodide  of  potassium  is  then 
added,  equal  to  at  least  six  times  the  weight  of  the  copper.  A 
standard  solution  of  hyposulphite  of  sodium  is  poured  into  the 
flaak  firom  a  burette,  imtil  tJie  brown  colour  nearly  disappears. 
Clear  starch  liquid  is  then  introduced,  and  a  further  addition  of 
hyposulphite,  until  the  blue  colour  is  destroyed.  The  presence 
of  peroxide  of  iron  is  fatal  to  this  method,  not  only  on  account  of 
the  deep  colour  of  the  peracetate  of  iron,  but  more  particularly 
because  the  peroxide  becomes  partially  deoxidized  by  the  hypo- 
•olpbite,  and  thus  interferes  with  the  reaction. 

In  concluding  his  valuable  review  of  the  various  methods  of 

eetixDBting  copper,  Field  remarks  that  much  must  be  left  to  the 

knowledge  and  experience  of  the  operator.    In  a  mixture  of  lead, 

urmniCf  and  copper^  the  cyanide  of  potassium  process  could  be  ad- 

YantagtBonsly  adopted,  whilst  the  method  by  precipitation  would 

be  irortlileBa,  as  all  the  metals  would  be  reduced.    Manganese 

and  sine  do  not,  on  the  other  hand,  affect  the  precipitation  of 

eopper  apon  iron,  but  render  the  cyanide  estimation  valueless. 

KinraiL  has  recently  proposed  the  following  modification  of 

fa  volumetric  method  for  the  estimation  of  copper : — Sul- 

qf  one  is  empldyed  for  indicating  the  complete  precipitation 

of  the  copper,  that  substance  being  instantly  decomposed  in  a  hot 

smmooiacal  solution  of  copper.    The  solution  of  sulphide  of 

■odium  is  of  such  a  strength  that  one  cubic  centimetre  precipitates 

m  emtigranune  of  copper.    The  sulphide  of  zinc  is  prepared  by 

diMolving  the  metal  in  hydrochloric  acid,  supersaturating  with 

•mmonisy  and  then  boiling  with  a  little  sulphide  of  zinc  to  remove 

the  kad,  which  is  always  present  in  commercial  zinc    The  am- 

"Wftmriical  eolation  of  zinc  is  filtered  and  decomposed  with  sulphide 

tif  sodium,  a  small  quantity  of  zinc  being  allowed  to  remain  in 
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solution.  The  inoUt  nulpliide  of  ziiic,  irith  excen  of  line  Klntion, 
is  then  spread  erenlj  upon  filter-paper, «eTenl  Injen  thick;  when 
the  pHper  haa  absorbed  moat  of  the  aolutioD,  the  moiet  whiteUyer 
of  sulphide  of  ziac  ia  ready  for  U8& 

According  to  Field,  the  moitezpeditiousmethod  of  converting 
prolnanlta  of  copper  into  subsalta  by  maana  of  aUoline  sulphite*, 
is  to  mil  about  e^unl  quantitieB  of  sulphite  and  carbonate  of 
eodiuTD,  and  to  make  of  these  salts  a  strong  cold  solution.  This 
liquid,  poured  into  a  protosalt  of  copper,  instantly  decompoaea  it. 
After  A  few  minutes'  boiling  the  whole  is  converted  into  enboxide, 
which  diasolvee  in  hydrochloric  add  or  ammonia  without  a  shade 

Ueltclion  and  Stttmation  of  SmnB  QuanftfM  of  Alltimtmg, 
Ai-genie,  Biimuth,  and  Lead  in  mttaOk  Copper:  — 

Analytiiof  Commercial  Copper.  (Abbl  and  Field,  'Quart 
Joum.  Chem.  Soc'  January  1862,) 

(ft.)  Determination  of  Antimimy  and  Araatie, — Two  hundred 
gratiiN  of  the  metal  are  dissolved  in  nitric  add,  a  small  quantity 
of  solution  of  nitrate  of  lead  is  added,  equal  to  about  t«n  gnijia 
of  the  salt,  and  B<ibsequently  an  excess  of  ammonia  and  ca^ 
bonnte  of  smmonium.  A  preci[Htate  ia  formed  which  may  consist 
of  oxide  and  carbonate  of  lead,  arienaU  and  anlimoniate  cfltad, 
and  oxide  of  bismuth,  the  whole  of  the  copper  remaining  in 
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aiiam  and  excess  of  ammonia,  and  the  arsenic  is  separated  as 
emmonio-magnesian  arsenate.  The  filtrate  from  this  is  slightly 
acidified  with  dilute  hydrochloric  acid,  and  the  antimony  is  pre- 
cipitated by  hydrochloric  acid,  and  ultimately  determined  as 
antimoniate  of  terozide  of  antimony.  Should  the  presence  of 
antimony  and  arsenic  have  been  previously  ascertained,  it  is  of 
<!Oiine  unnecessary,  in  the  quantitative  process,  to  precipitate 
^em  both  as  sulphides  from  their  solution  in  oxalic  acid,  as  the 
arsenic  may  be  at  once  precipitated  by  the  addition  of  sulphate 
of  magnesium  and  excess  of  ammonia,  and  the  antimony  deter- 
xnined  in  the  filtrate. 

(b.)  Determinatum  of  Lead  and  Bismuth, — The    nitric  acid 
solation  of  about  200  grains  of  the  copper  is  mixed  with  a  small 
f|iiaxitity  of  solution  of  phosphate  of  sodium ;  ammonia  in  excess  is 
"^en  added,  and  the  resulting  precipitate  is  collected  and  purified 
fe>m  copper,  by  washing  with  ammoniacal  water.   The  precipitate 
is    afterwards    dissolved    in    hydrochloric  acid,  its  solution  is 
Mndered  alkaline  with  ammonia,  and  submitted  to  a  current  of 
tnlpbiiretted  hydrogen.    The  precipitated  sulphides  of  lead  and 
liiaiiiuth  are  thoroughly  washed  and  dissolved  in  dilute  nitric  acid. 
The    solution    is   nearly  neutralized  with   ammonia,  and  then 
diirested  with  a  little  hydrated  oxide,  or  basic  nitrate  of  copper, 
^hlch  precipitates  the  oxide  of  bismuth,  while  the  lead  remains 
in  nolation.    The  precipitate  is  thoroughly  washed,  dissolved  in 
dilute  nitric  acid,  and  the  bismuth  separated  from  the  copper  by 
the  addition  of  excess  of  ammonia.      The  oxide  of  bismuth  thus 
obtained  is  purified  by  washing,  and  its  weight  determined  in 
the  usual  manner.     The  solution  containing  the  nitrates  of  lead 
%iid  copper  is  mixed  with  solution  of  carbonate  of  sodium ;  excess 
of  aeetic  add  and  a  small  quantity  of  bichromate  of  potassium  are 
added,  and  the  chromate  of  lead  is  collected.    Should  the  copper 
eootain  iron,  that  metal  would  be  obtained  as  oxide  together  with 
the  bismuth.    When  this  is  the  case,  which  may  readily  be  known 
I17  the  brownish  tinge  imparted  to  the  oxide  of  bismuth,  they  must 
be  separated. 

An  extremely  delicate  method  of  testing  copper  for  bismuth  is 

the  ibUowing,  founded  upon  a  curious  reaction  exhibited  by  iodide 

of  potassium  in  the  joint  presence  of  lead  and  bismuth,  first 

notiJped  by  Field.  About  100  grains  of  the  copper  to  be  examined 

axe  dissoWed  in  nitric  acid,  a  solution  of  nitrate  of  lead  equal  to 

about  five  grains  of  the  salt  is  added,  and  subsequently  ammonia 

and  earbooate  of  ammonium.    The  precipitate  is  washed  with 

ammonincal  water  to  free  it  from  copper,  and  dissolved  in  warm 

loetic  add.    Considerable  excess  of  iodide  of  potassium  is  intro- 
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Aacei,  and  the  liquid  is  wmned  mitU  the  pndpitate  diMppeuB, 
Od  cooling,  ct^Btalliue  ecaln  rnaka  their  appeannca,  whiek  t^ 
their  colour  iodicate  the  pretence  or  absence  i^bismath.  If  that 
metal  be  abnent,  the  acalei  are  brilliant  gold-colour,  bnt  if  it  be 
present,  or  even  the  slightest  trace,  thej  bmudw  a  dark  orange 
or  crimson  tlot,  Yarjiiig  in  inleuMtj  of  colour  according  to  the 
amount  of  binmuth  present.  If  it  be  denred  to  test  the  copper  for 
arsenic,  the  nitmte  of  lettd  precipitate  ia  digeated  with  acetie  add. 
The  oTnlHtes  of  lead  and  binnnth  are  inaoluble  in  acetic  add,  but 
it  di^olves  the  arsinic. 

Atfai/  uf  Copifr  TyrUa  (Peahbos).— IHaco  a  weighed 
quantity  of  the  powdered  mineral  togetlier  with  lome  chlorata 
ot  potns^ium  in  a  poicelun  dish  (5  gnunmea  of  a  varietj 
of  pjritcii  containing  about  18  per  cent  of  copper  are  found 
to  be  enough  for  one  analayaia,  and  a  quantity  of  chlorate  of 
pntHssium  equnl  to  a  small  taa-epoonful  was  added  to  the  ore). 
luTert  a  pmnll  glass  funnel  with  bent  atem  in  the  dish  abore  the 
pyrites,  and  pour  upon  the  latter  rather  more  atioiig  ordiuuy 
nitric  acid  than  would  be  lufficient  .to  completely  cover  the 
powder.  Place  the  dish  upon  a  water-bath,  and  from  time  to 
time  throw  into  it  email  quantitiea  of  chlorate  of  potaaainm.  The 
doses  of  the  chlorate  must  be  repeated  at  frequent  interrala,  until 
free  sulphur  con  uo  longer  be  aeen  in  the  dish.    If  need  be,  add 
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?MSL  snZJPBATB  (Copperas  Blue,  Blue  Vltrloly 
Vitriol). — Sulphate  of  copper  is  met  with  in'  commerce  in 
ight-«ided  prismatic  crystals  of  a  fine  blue  colour,  slightly 
oty  inodorous,  and  having  a  styptic,  metallic,  disagreeable 
lie  specific  gravity  is  2*19.  The  crystals  are  soluble  in  4 
sold,  and  2  parts  of  boiling  water ;  the  solution  reddens 
vper.  The  crystals  are  completely  insoluble  in  alcohol. 
to  a  dry  atmosphere,  they  effloresce,  lose  2  equivalents  of 
nd  become  opaque^  at  212°  Fahr.  they  retain  only  1 
it  of  water,  and  at  a  temperature  of  about  292°  Fahr. 
jme  converted  into  an  almost  white  powder,  which  is  an 
It  sulphate  of  copper,  but  which  becomes  blue  again  by 
witer  upon*  it.  Ignition  decomposes  sulphate  of  copper 
\jf  and  converts  it  into  protoxide  of  copper. 
lol^hate  of  copper  of  commerce  is  often  contaminated, 
a  to  a  large  extent^  with  sulphate  of  iron,  of  zinc,  and  of 


der  to  detect  the  presence  of  iron  in  sulphate  of  copper, 
tha  crystals  under  examination  in  water,  boil  with  some 
Ap  and  then  add  to  the  solution  an  excess  of  ammonia. 
BODia  at  first  precipitates  both  the  iron  and  the  copper ; 
atfesr  socm  redissolves  in  the  excess  of  ammonia,  whilst 
[ida  of  iron  is  left  in  insoluble  reddish-brown  flakes,  which 
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passed  tbrough  the  add  solution  until  it  amella  strongl;  of  the 
gns ;  a  block  precipitate  is  produoad,  vhich  is  sulphide  of  copper, 
and  whicb  should  be  rapidly  collected  on  a  filter,  and  washed 
without  interruption  with  water  containing  some  sulphuretted 
hydrogen.  The  sulphide  of  copper  obtained  is  then  dried,  bo  that 
it  may  be  easily  detached  from  the  filter,  and  it  is  traosferred  to 
a,  glass  beaker.  As  the  filter  still  retains  small  particles  of  the 
sulphide  nf  copper,  it  should  be  burnt  separately  on  the  cover  of 
a  platinutu  crucible,  and  the  ashes  being  added  to  the  sulphide  of 
copper  in  the  glnsa  beaker,  the  whole  is  treated  by  nitric  acid,  or 
aqua  regia,  until  the  sulphur,  which  separates,  has  acquired  a 
pure  lemon-yellow  colour.  The  solution  is  then  filtered,  and  the 
protoxide  of  copper  is  precipitated  by  means  of  a  aolutioD  of 
caustic  potash ;  the  whole  is  moderately  boiled,  in  order  to  agglo* 
merate  the  oxide  of  copper,  which  may  then  be  collected  on  a 
filter,  wHehed  with  hot  water,  dried,  ignited  ia  a  platinum  crucible, 
whicb  should  be  kept  covered,  and,  after  cooling,  it  ia  waghed. 
40  grains  of  oxide  of  copper  represent  80  grains  of  anbydtQus  sul- 
phsle  uf  copper,  or  12;  grains  of  the  ordinary  Crystals. 

The  liquor  filtered  from  the  sulphide  of  copper,  produc<>id  by 
sulphuretted  hjdrogea,  should  now  be  healed  until  all  odour  of 
the  gas  has  disappeared ;  nitric  add  is  then  poured  into  it,  and  th» 
whole  is  boiled,  in  order  to  peroxide  the  iron;  the  add  liquor' 
■iitmlmmi  Tiirh  Hmiiinnin.   end  precipitated  bv" 
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mU  of  copper,  which  is  met  with  in  lumps  or  cakea  of  about  twen^- 
tiie  pounds  weight,  packed  up  in  white  leather.  This  aildcle, 
which  is  extenuvelj  used  b;  painters  and  dyers,  and  in  medicine, 
is  often  adulteiatod  to  a  large  extent  with  chalk  and  with  ti 


The  presence  of  <Aalk  is  detected  by  pouring  hydrochloric  add 
apaa  a  given  weight  of  the  verdigria  previously  pulveriied.  If 
chalk  be  present,  an  efTerveecence  will  take  place,  but  if  pure  the 
Terdigris  will  dissolve  in  the  add  without  effervescing.  Some 
impurities  will,  howerer,  be  left  in  an  insoluble  state,  which  should 
be  collected  on  a  filter,  washed,  dried,  and  weighed;  in  the 
genuine  articles  their  proper  I  ions  should  not  exceed  5  or  6  per  cent. 
To  the  liquor  filtered  from  tbe  insoluble  impurities,  solution  of 
eUnride  of  barium  is  added ;  if  this  produces  a  white  precipitate  it 
U  anlphat«  of  barium,  and  indicates  the  presence  of  sulphuric  add. 
The  liquor  containing  this  precipitate  must  be  wull  shalien,  and 
tba  precipitate,  being  separated  by  filtering,  should  be  washed, 
dried,  ignited,  and  weighed.  117  grainsof  sulphate  of  barium  ■'40 
gruna  of  anhydrous  sulphuric  acid,  and  consequently  80  grains  of 
anbydrooa  tulphait  of  copper,  or  125  grains  of  this  salt  in  crystals. 
In  order  to  determine  the  proportion  of  carboaaU  ofccdctum,  a 
pTBD  weight  of  the  verdigris,  disaolved  in  hydrochloric  acid,  aa 
above  mentioned,  should  be  treated  by  a  current  of  sulphuretted 
hjdrogen,  until  ^  the  copper  is  _.    „ 

predpitated  in  the  state  of  sul- 
phide of  copper. 

Thia  is  done  in  tbe  following 
auuiner:  a,  Fig.  17,  is  a  bottle 
emtaining  a  few  lumps  uf  protu- 
Milphide  of  iron,  and  provided 
"widi  a  perfectly  air-tight  cork, 
-perfomted  with  two  holes, 
thnngh  one  of  whidi  a  funnel  is 
iobodnced,  and  through  the  other  I 
bole  a  short  stnught  glass  tube, 
<^  protmdea,  which  is  connected  ! 
Ivy  meansof  a  tube  of  vulcanized 
vaontchouc,  D,  with  another  glara 
tabe,  B,  whid)  passes  through  a  hole  in  the  cork  of  bottle  r,  con. 
tMning  water,  and  into  which  water  the  tube  £  plunges  about  one 
iaA  deep  ;  through  another  hole  in  the  cork  of  bottle  r  a  short 
ttraight  tube  of  glasa,  4,  is  connected  by  means  of  a  tube  of 
caoutchouc,  H,  with  a  disengagement  straight  glass  tube,  j, 
vbkh  ia  immersed  in  the  beaker  x,  containing  the  solutioo  of  the 
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acetate  of  copper  under  exnminfttio.D.  Sulphoiic  add,  diluted  with 
water,  bein^  poured  through  the  fuDMl  b,  into  the  bottle  t,  con- 
taining pratosulphide  of  iron,  a  coptoiu  atreun  of  sulpburetted 
bydrogpn  is  imniei1int«lf  evolved.  AH  the  joints  should,  of 
cnurae,  ho  perfectly  air-tight  The  water  in  the  bottle  r  serrea  to 
wash  the  ga». 

The  stream  of  sulphuretted  hjdrofren  should  be  passed  throngh 
the  HolutioD  of  acetate  of  copper  until  the  latter  amells  stronglj  of- 
the  gas,  even  after  absking  it  well.  The  black  precipitate  of  sul- 
phide of  copper  thua  produced  is  separated  bj  filterio);  and 
washed.  The  filtrate  is  theo  neutraliied  by  ammonia,  and  Heated 
by  oxalate  ofararaoniutn,which  will  precipitate  the  lima  as  oxalate 
of  calcium.  It  is  collected  on  a  filter,  washed,  dried,  and  ignited 
in  a  platinum  crucible.  Ignition  converta  it  into  carbonate  of 
calcium,  and  aa  such  it  ia  weighed,  or,  which  ia  better,  it  maj  be 
converted  into  siilphate  of  cakium  hy  dilute  sulphuric  add  and 
subsequent  ignition.  68  grains  of  sulphate  of  calcium  coireapood 
to  50  grains  of  carbonate. 

Pure  verdigris  ia  completely  soluble,  not  only  in  hydrochloric 
acid,  but  also  in  ammonia,  and  with  the  help  of  heat  abo  in  dilute 
sulphuric  add. 

The  buyers  of  thia  article  generally  judge  of  its  value  by  tha 
brightness  of  its  colour,  and  by  its  dryness;  by  rubbing  it  in  tha 

1  of  the  hand  with  a  little  water,  it  should  form  a  smooth 
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loss  as  compared  with  the  portion  which  has  not  been  submitted 
to  the  action  of  the  sulphorie  acid. 

If  the  piece  were  left  too  long  in  the  acid,  the  flax  would  like- 
wise be  attacked ;  but  if  the  tissue  contain  no  cotton,  the  corrosion 
will  have  been  uniform,  whilst  in  the  contrary  case  the  cotton 
is  first  attacked  and  converted  into  gum,  whilst  the  flax  remains 
white  and  opaque. 

A  concentrated  solution  of  caustic  potash  may  also  be  em- 
ployed for  the  purpose,  as  follows : — A  piece  of  the  tissue  is  to  be 
boiled  for  two  minutes  in  a  strong  solution  of  caustic  potash,  and 
then  dried  between  folds  of  blotting-paper.  Upon  unravelling  it 
the  linen  threads  will  be  found  to  have  acquired  a  dark  yellow 
tinge,  whilst  those  of  cotton  have  remained  white,  or  have  Only 
become  slightly  tinged  with  yellow. 

The  presence  of  cotton  in  a  tissue  may  also  be  detected  by  {he 
microscope,  the  fibres  of  cotton  having  a  flat  and  shrivelled  ap« 
pearance,  while  those  of  flax  are  round  and  straight. 

CoUon  amd  Wool. — To  distinguish  cotton  from  wool,  boil  a 
square  inch  of  the  tissue  in  a  solution  of  caustic  soda.  The  whole 
of  the  wool  will  be  dissolved,  while  the  cotton  fibres  are  scarcely 
injured  at  all  by  this  treatment ;  and  if  the  threads  have  been 
previously  counted,  their  relative  proportions  may  be  thus  directly 
estimated. 

CoUon  from  WM  and  Silk. — If  the  tissue  be  whole,  the  pre- 
sence of  silk  or  of  wool  may  be  distinguished  from  cotton  by  means 
of  chlorine ;  for  if  the  tissue  be  exposed  to  the  action  of  this  gas  the 
wool  or  silk  becomes  yellow,  whilst  the  cotton  remains  white. 

The  preeence  of  cotton  may  be  most  easily  recognised  and  dis- 
tiDgiiished  from  wool  and  from  silk  by  unravelling  the  suspected 
tLsBue,  and  inflaming  the  threads  so  unravelled.  Wool  and  silk 
threads,  when  so  treated,  shrivel  up,  bum  with  difficulty,  and  with 
a  characteristic  odour,  and  leave  a  voluminous  charcoal ;  whilst 
cotton  threads  bum  rapidly,  leave  no  charcoal,  and  evolve  no  odour. 

tVBB  TAMTAM,     See  BiTARTRATB  OF  PoTASSIUK. 

See  Bqbax. 
See  Glass. 

See^ITBJL 
See  Catechu. 
mrroB  €»o&».    See  Brass. 

See  Lead  Carbonate. 
See  German  Silver. 

See  Sulphate  0^  Magnesium. 
See  Qua, 

. — £ther  is  the  name  of  a  compound  which  is  pro- 

M  a 


1 64  FERROCTAHIDS   OV  VOXA8SIUM. 

duced  under  b  great  imniber  of  drcumstancea ;  bnt  the  nibstanee 
popularly  known  by  the  term  Ethgr,  and  which  u  used  filmoet 
eiolueively  both  for  manufncturiiig  purpoaes  and  in  tbe  laboratory, 
is  that  formed  by  the  Hction  of  concentrated  snlphuiic  add  ap<») 
alcohol,  aod  is  known  aa  sulphnric  ether. 

Ether,  when  pure,  iGcoIourleM  and  very  fluid;  it  hasapecnliai, 
BtroDg,  penetrating,  but  agreeable  odour,  and  a  bunting,  pungent, 
sweetish  flavour.     It  should  be  perfectly  aeutrnl  to  teat-paper. 

The  ether  of  commerce  is  generally  unsophisticated,  bnt  it  ia 
nevertheles.s  found  much  leas  pure  or  strong  than  should  be. 
The  only  adulteration  to  which  ether  ia  liable  is  by  an  admix- 
ture of  alcohol,  in  which  it  ia  soluble  in  all  prnportian.  The 
presence  of  alcohol  in  ether,  however,  is  very  easily  recogniied  by 
pouring  a  certiun  quantity  of  the  suspected  ether  into  a  graduated 
tube,  aud  adding  a  small  quantity  of  water,  which,  dissolving  the 
alcohol,  produces  a  much  more  considerable  diminution  of  volume, 
if  the  ether  contain  that  body,  then  when  it  is  pure ;  of  course  the 
mixture  should  bu  shaken.  It  should  be  recollected  that  lo  parts 
of  water  dissolve  i  of  ether,  and  consequently  that  a  dimiou- 
tiou  in  that;  proportion  will  always  take  place,  even  with  pure 
ether,  for  which  an  allowance  must  be  made. 

The  alcohol  employed  in  the  manufacture  of  etber  should  be 
very  pure,  or  well  rectified ;  otherwise  the  ether  will  have  a  much 
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by  diseolnng  a  portion  of  iibe  salt  in  water,  and  adding  thereto  a 
solution  of  chloride  of  bariam,  or  of  nitrate  of  barium,  which  will 
then  produce  a  white  precipitate  of  sulphate  of  barium,  insoluble 
in  water  and  in  acids,  if  sulphate  of  potassium  be  present.  The 
precipitated  sulphate  of  barium  should  be  collected  on  a  filter, 
washed,  dried,  ignited,  and  weighed.  11 6*6  grains  of  sulphate  of 
barium  correspond  to  87*0  grains  of  sulphate  of  potassiunL 

This  substance  has  become  an  important  article  of  commerce, 
large  quantities  of  it  bding  consumed  by  calico-printers  and  dyers, 
by  the  manufacturers  of  Prussian  blue,  and  in  electro-plating. 
»Z&8.  See  Onjs. 
. — The  substances  principally  employed  for  the  pur- 
pose of  adulterating  wheat  flour  are  fecida^  or  potato-darchj 
bean  fiom,  Indian  com-Jtaur,  rye^  and  rice-jUnir^  which  alimentary 
substances  are  objectionable  (»nly  when  the  flour  containing  them, 
or  the  bread  made  with  such  flour,  is  sold  as  genuine  wheat-flour 
or  bread  ;  but  besides  these  so  far  venial  additions,  flour  is  some- 
times  sophisticated  by  n/um,  chalky  boTte-dustf  and  plaster. 

Detection  of  Totato-JUmr. — This  admixture  of  this  fecula  is  well 
detected  by  the  microscope.  The  particles  of  potato-starch  are 
irregular  in  shape,  and  of  various  sizes;  and,  moreover,  upon  placing 
a  Httle  of  the  suspected  flour  before  the  microscope,  and  moisten- 
ing it  with  a  solutiiHi  of  potash,  the  particles  of  wheat-flour 
ondeigo  no  change  whatever,  whilst  the  globules  of  fecula  spread 
into  thin,  transparent  plates. 

Although  iJ^e  presence  of  fecula  can  be  detected  even  when  in 
extremely  minute  proportion,  yet  it  would  appear  that  its 
qoantity  cannot  be  very  rigorously  estimated  when  under  10 
per  cent. ;  but  an  adulteration  below  10  per  cent,  is  scarcely 
probable,  since  it  would  hardly,  if  at  all,  be  remunerative;  on 
the  other  hand,  Dumas  asserts,  that  when  fecula  is  added  to 
wheat-flour,  to  the  extent  of  30  per  cent.,  it  is  impossible  to  make 
bread  with  it  It  may,  therefore,  be  assumed  that  the  addition  of 
fecula  to  wheat-flour  ranges  from  10  to  25  per  cent ;  but,  as  we 
Hid  before,  the  presence  of  a  much  more  minute  quantity  can  be 
detected. 

One  of  the  methods  of  doing  this  is  the  following,  which, 
•eooxding  to  M.  Chsvalubb,  can  be  applied  with  advantage, 
sot  only  to  flour  which  has  been  simply  mixed  with  fecula,  or 
which  has  been  ground  with  it,  but  likewise  to  vermicelli, 
macaroni,  Ac : — 

Take  of  the  flour  under  examination    300  grains. 
„       Sand  •        .        .        .    300     „ 

M      Water        ....        2  ounces. 
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Trituntte  the  flour  and  the  Band  m  ■  Wedg^wood  mortar  'fir 
Hbout  five  minutes,  adding  the  water  gradually,  ao  as  to  form  b 
homof^eneauB  pa^te,  which  ia  then  to  be  diluted  with  the 
remainder  of  the  water.  Thia  being  done,  throw  the  whole 
OD  a  filter,  and  whilst  filtering  prepare  an  aqueous  solution  of 
iodine,  bj  pouring;  about  two  ounces  of  water  upon  about  50 
gnuDB  of  iodine,  and  ahake  the  whole  for  about  ten  minuteaj  ibe 
nqueaua  solution  is  then  decanted,  and  the  undissolved  iodine  is 
kept  for  furtlier  use.  Of  the  aqueous  eolutioD  of  iodine  so 
prepared,  pour  one  ounce  into  an  equal  quantitj  of  the  liquor 
filtered  from  the  flour.  If  the  flour  be  pure,  this  addition  will 
produce  a  pink  colour,  which,  howerer,  gradu^y  disappeani  more 
or  less  mpidly ;  whilst,  if  the  flour  contain  10  per  cent,  of  fecula, 
the  liquor  will  become  of  a  dark  purple  colour,  which'  disappears 
much  more  slowly.  This  experiment  should  be  performed  nmul- 
taneouely  with  flour  which  is  known  to  be  pure. 

If  DOW  the  liquor  be  examined  sfter  a  short  time,  it  will  be 
seen  that  the  colour  of  the  liquor  obtained  from  the  pure  flour 
begins  to  disappear  from  the  bottom  of  the  glass  upwards,  and  in 
the  course  of  eight  or  ten  minutes  it  completely  disappears ;  whilst, 
if  fecula  be  present,  the  decolourizalion  begins  likewise  fnim  the 
bottom  upwards,  but  the  purple  or  violet  colour  pereistB  for  a  long 
time  at  the  surface,  so  that  the  liquor  forms  two  distinct  strata, 
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again  undisturbed  for  two  hours,  any  water  which  may  be 
obsenred  floating  above  the  deposit  may  be  carefully  sucked  up 
by  means  of  a  pipette. 

On  examining  the  deposit,  it  will  be  found  to  be  in  two  distinct 
layers ;  the  upper  one  has  a  grey  colour,  and  consists  of  a  mixture 
of  gluten,  in  a  finely  divided  state,  and  of  albumen;  the  lower 
Uyer,  which  is  opaque  and  white,  is  starch. 

The  upper  layer  should  be  carefully  removed  with  a  teaspoon, 
down  to  the  compact  layer  of  starch,  which  is  known,  because  it 
feels  harder  and  stiffer ;  the  second  layer  should  be  left  undis- 
turbed until  it  has  become  quite  solid  by  drying.  When  it  is  in 
that  state,  it  may  be  easily  removed  from  the  glass  by  pressing  it 
gently  with  the  finger  all  round  until  it  is  detached,  and  it  may 
then  be  upset  in  the  form  of  a  cone,  upon  a  lump  of  dry  plaster. 
The  potato-starch  being  heavier  than  that  of  wheat,  forms  the 
apex  of  the  cone;  its  thickness,  or  depth,  and  consequently  its 
quantity,  may  be  estimated  by  solution  uf  iodine,  in  the  following 
manner: — The  operator  cuts  from  the  apex  of  the  little  cone 
above-mentioned  a  slice,  which  he  triturates  only  for  a  short 
time  in  an  agate  mortar  (one  of  glass,  or  porcelain^  or  Wedge- 
wood,  will  not  do),  and  he  tests  that  with  solution  of  iodine.  K 
it  torn  blue,  it  is  fecula.  Another  slice  is  treated  in  the  same 
manner,  until  the  operator  comes  to  the  wheat-starch,  which,  in 
the  present  instance,  will  not  be  affected  by  the  aqueous  solution 
of  iodine.  This  difierence  of  behaviour  of  the  two  species  of 
starch  with  iodine  is  due  to  the  friction  of  the  pestle  and  mortar, 
which  is  sufficient  to  divide  or  tear  the  envelopes  of  the  particles 
d  the  potato- starch,  which  then  become  blue,  when  treated  by 
solution  of  iodine.  The  particles  of  wheat-starch,  on  the  con- 
trary, are  not  disaggregated  by  that  treatment,  and  being  there- 
fore protected  by  their  envelope,  are  not  acted  upon  by  solution 
of  iodine,  or  assume  only  a  brown  tinge. 

Hot  water,  or  heat  in  any  way,  must  not  be  employed  in  that 
experiment^  for  it  would  burst  the  envelope  containing  the  starch 
of  the  wheat,  which  would  in  that  case  be  coloured  blue  also  by 
•olation  of  iodine,  and  therefore  spoil  the  experiment.  For  the 
same  reason,  the  cone  of  starch  must  be  left  to  dry  spontaneously, 
and  not  by  applying  heat ;  neither  should  trituration  be  continued 
too  long.  The  asperities  of  a  Wedgewood  mortar  would  tear  the 
globules  of  starch,  and  produce  the  same  effect  as  heat ;  one  of 
^aai,  or  of  glazed  porcelain,  would  altogether  fail  in  dividing 
theni,  and  in  that  case  potato-starch  would  simulate  wheat- 
atuch.    The  number  of  slices  which  have  been  coloured  blue  by 
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iodine,  correspoadinfr  to  the  gradoAtiraiB  of  tlie  glam  messnn, 
indicate  nt  once  the  relative  pioportion  of  the  potato-flour. 

When  flour  is  adulterated  'with  maU»i  or  Indiat  com-flour,  or 
with  ground  rice,  the  beat  method  of  detecting'  it  is  by  the  micro- 
ecope.  The  suspected  flour  should  flnt  be  washed  under  •  thin 
streamlet  of  water,  or  in  a  ba^  half  filled  with  water,  in  order 
to  separate  the  gluten ;  and  a  portion  of  the  atarch  which  depoeita 
being  examined  before  the  microscope,  or  with  a  msgnirjiofi-gliisi, 
fragments  of  an  aag:ular  shape  and  semi'transparent  will  be 
observed,  if  maize  or  rice  is  present  Bread  made  with  flour  con- 
taining a  certain  quantitj  of  these  substances  feels  harsh  and  dry ; 
and  if  the  proportion  of  Indian  com  is  at  all  conaderable,  the  flour 
has  a  yellow  appearance,  it  feela  coarse,  and  has  moreover  a 
peculiar  sweet  and  caky  flavour. 

When  wheat-flour  has  been  mixed  with  betm-fiour,  the  meal 
has  a  yellowish  appearance,  feels  soft,  and  has  a  peculiar  bitter  or 
acrid  flavour  of  beans. 

To  detect  the  presence  of  btan-_ficur,  Mr.  Rosbisubz  propoeed 
the  following  method,  wliicb  is  accurate.  It  consists  in  aub- 
mitticg  the  suspected  flour  to  dry  diatillatiDn  in  a  stone  retort,  and 
collecting  the  distillate  in  a  vessel  containing  water,  which  will  be 
found  to  have  acquired  an  alkaline  reaction.  If,  on  the  contrary, 
the  wheat-flour  is  pure,  the  water  in  which  the  distillate  will  have 
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Detection  and  Determtnation  of  Chalk  in  Flour, — A  g^ven  weight 
of  the  flour — for  example,  500  grains — are  to  be  mixed  with  abont 
2,000  grains- measure  of  pure  distilled  water,  and  hydrochloric  acid 
IB  added.  If  the  flour  contain  chalk  in  the  proportion  of  i  J  or  2 
per  cent,  or  more,  an  efi*erTe8cence  will  be  observed,  owing  to  the 
disengagement  of  carbonic  acid.  The  mass  is  then  thrown  on  a 
filter,  the  filtrate  is  exactly  neutralised  by  ammonia,  and  tested 
with  oxalate  of  ammonium,  which  will  then  produce  a  precipitate 
of  oxalate  of  calcium.  The  liquor  is  left  at  rest  for  a  few  houra, 
in  order  that  the  precipitate  may  settle  well ;  it  is  then  collected 
on  a  filter,  washed,  carefully  dried,  and  ignited.  Ignition  converts 
it  into  carbonate  of  calcium  (chalk),  in  which  state  it  is  weighed, 
or  it  may  be  converted  into  sulphate  of  calcium  as  directed  in 
p.  162. 

Bread  made  with  flour  containing  more  than  4  per  cent,  of 
chalk  is  spotted  here  and  there  with  white  marks,  which  are  due 
to  an  agglomeration  of  small  quantities  of  carbonate  of  calcium. 

Pure  flour,  of  course,  does  not  eflervesce  by  treatment  with 
hydrochloric  acid. 

The  following  process  may  serve  to  detect  sophistications  with 
earthy  or  such  like  matters.  A  portion  of  the  suspected  flour — 200 
grains  for  example — is  first  well  dried,  incinerated,  and  then 
weighed.  The  reeidiuum  irom  pure  flour  should  not  exceed  from 
8  to  9  per  cent  If  more  than  this,  the  flour  may  be  looked 
upon  as  adulterated. 

The  presence  of  aium  in  flour  is  detected  exactly  as  in  bread. 
(See  the  article  on  Bread,) 

The  physical  characteristics  of  wheat-flour  of  good  quality  are 
the  following : — It  has  a  dull  white  colour,  somewhat  inclining  to 
yellow ;  it  should  exhibit  to  the  eye  no  trace  of  bran,  even  when 
pressed  smooth  either  with  the  hand  or  with  a  polished  surface. 
It  should  have  a  homogeneous  appearance,  and  not  lose  more  than 
from  6  to  12  per  cent,  after  drying  it  in  a  stove.  The  less  it  loses 
by  drying  the  better  it  is. 

r&O'wams  or  bbvxoxw.    /SIm  Bsnzoio  Acid. 

r&o'wams  or  znrc.    See  Oxtdb  op  ZiKa 

TMJkMXxmowMBm,    See  Benzoin. 

ruMxaro  sv&rannuc  aczb.    See  Sulphubio  Acid  of 

NOBDHAUSBN. 

ajBoaarJL  (Snlplilde  of  &ead)r— The  ore  from  which  lead 
is  principally  obtained  is  gakna,  or  sulphide  of  lead.  Galena 
ordinarily  contains  silver ;  the  whole  of  the  precious  metal  passea 
into  the  leadi  from  which  it  is  separated  afterwards,  in  the  large 
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way,  bj  Mr.  pAmssoH's  process,  namely,  by  aystaUiiaUoD  and 
cupellfttion.  The  other  Bubetancea  most  generally  mixed  witb 
gnkoa  are  quarU,  sulphate  of  barium,  iron,  ox  aisenical  pjiiteo,  and 
blende  (sulphide  of  zinc). 

The  pmportioaa  of  lead  and  of  silver  contuned  in  galena  ma; 
be  deteriuiued  in  the  wet  and  in  llie  dry  way;  but  the  former 
Beldom  gives  accurate  lesults,  u  more  tedious,  and  if  tbe  quantity 
of  sih'er  in  the  lead  obtained  is  escessTely  minute,  its  estimatian 
in  the  wet  way  cannot  be  at  aU  relied  upon. 

Determinatiim  of  the  Amount  of  Zead  contained  m  GaUna  m  tSa 
liryWay. — For  such  an  analysis  tbe  operator  must  be  provided  with 
a  icood  air'furnaee,  which  should  be  charged  with  coke,  and  lighted. 
'When  it  is  brought  to  aa  high  a  temperature  as  possible,  a  conical 
^  wruught-iron  crucible  should  be  pluuged  in  the  middle 

ofthpcobe.  The  crucible,  (Fig.  i9)generallyemployed 
I  is  4  inches  high,  2  inches  wide,  and  very  thick  at  Iho 
bottom,  as  repre8ent«d  in  the  figure  in  tbe  margin. 
Tbe  galena  must  be  pulverized  very  cRiefuUy,  for 
otherwise  it  will  decrepitate  under  tbe  fitst  impreseioa 
of  tbe  beaL  When  the  crucible  baa  attained  a  dark 
rfd  heat,  1,000  groins  of  the  puLveriied  galena  an 
introduced  into  it;  and  when  the  mass  of  the  pul- 
\enzed  ore  baa  attained  the  temperature  of  the  cru- 
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then  be  kept  covered,  and  the  whole  mass  is  allowed  to  attain  a 
cheny-red  heat,  when  two  large  spoonfuls  of  the  flux,  described 
afterwards,  must  then  be  thrown  into  the  crucible,  which  must 
now  be  brought  to  a  full  white  heat.  This  will  take  about  twelve 
or  fifteen  minutes.  A  piece  of  green  wood,  about  three-quarters 
of  an  inch  in  diameter,  should  be  plunged  in  the  crucible,  its 
aides  rubbed  and  scraped  with  it  so  as  to  detach  the  small  par- 
ticles which  are  adhering  to  them,  so  that  these  small  particles 
maj  be  sunk  into  the  mass  now  in  fusion.  The  fused  scories  should 
also  be  slightly  stirred  with  the  piece  of  green  wood,  in  order  to 
precipitate  any  particle  of  lead  which  they  might  retain.  The 
piece  of  wood  should  be  kept  mobt,  in  order  to  prevent  the  scorisB 
from  adhering  to  it  The  crucible  is  then  to  be  covered,  and  left 
10  the  fire  for  about  two  minutes  longer,  the  fused  mass  being 
kept  in  full  liquidity  during  that  time.  The  crucible  is  then  with- 
drawn from  the  fire  by  seizing  it  with  a  pair  of  crucible  tongs, 
the  branches  of  which  are  horizontal,  and  the  contents  thereof 
are  poored  into  an  ingot  mould  of  brass.  Fig.  19*,  in  the  fol- 
lowing mannner: — the  cru- 
eible  is  brought  with  the 
tongs  on  the  edge  of  the  ingot 
mouldy  the  tongs  resting  firmly 
00  the  said  ingot  mould ;  it  is 
then  gently  tilted,  and  the 
aeons  are  carefully  poured  into  one  of  the  recesses  of  the  ingot 
monld,  until,  in  so  doing,  the  operator  begins  to  see  the  melted 
lead  in  the  crucible.  He  then  rakes  up  carefully  the  scoriae  which 
atill  remain  in  the  crucible,  pushing  and  pressing  them  alternately 
on  each  aide  until  they  have  become  sufficiently  stiff*  by  cooling  to 
allow  of  the  molten  lead  being  poured  separately  in  the  other 
leoeaa  of  the  ingot  mould. 

In  order  to  be  certain  that  the  scorisB  in  the  first  recess  retain 

no  lead,  the  whole  mass  of  the  scoriae  is  returned  into  the  iron 

cradble,  which  is  then  carefully  scraped  with  the  spatula  of  the 

aUmt  iron  wire  above  described,  in  order  to  collect  all  the  particles 

wMeh  may  be  adhering  to  it    The  operator  then  adds  about  half 

•  ipocmfiil  more  of  flux,  and  the  whole  is  replaced  in  the  fire. 

"When  the  maae  is  perfectly  fused,  which  should  be  done  as  rapidly 

M  potflible^  the  crucible  is  again  cleansed  with  the  piece  of  green 

^ood,  and  the  whole  is  at  once  poured,  scories  and  all,  into  one  of 

^  emptj  reoeases ;  the  molten  lead  percolates  and  collects  at  the 

When  the  acoriss  contain  a  certain  quantity  of  lead,  they,  in 
ttofingy  OQOtracti  and  a  portion  of  the  metal  might  thus  be  pro- 
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jected  Mid  lost.  In  order  to  ATdd  tUa  acddent,  do  sooner  is  the 
fueed  mnss  poured  iiit«  the  ingot  mould  than  it  must  be  imme- 
diately turned  upude  down ;  the  lead,  hj  coming  in  contact  vitb 
the  Rold  mass  of  brass  of  the  ingot  mould,  is  at  once  solidified,  and 
by  upeetting  immedifttel;  the  ingot  mould,  it  has  do  time  to  be 
refused  by  the  hot  ecories  from  which  it  is  thus  dennlj  separated. 
The  little  button  of  lend  thus  obtsdned  ie  flattened  with  a  hammer 
in  order  to  eliminate  the  film  of  scoriw  which  covers  it*  flurfiice,  it 
is  added  lo  the  rest  of  the  lead  obtained  before,  and  the  whole  of 
the  lend  is  then  weighed. 

The  ftux  employed  conaiata  of  three  parts  of  red  argol,  twu 
parts  of  nitre,  one  part  of  borax,  half  pwt  of  fluor  apar.  The 
whole  muj<t  be  well  pulrerized  and  thoroughly  mixed. 

When  the  ore  of  lead  is  refiactory,  a  email  quantity  of  potaah 
(about  ft  spoonful)  should  be  added  for  each  looo  gtaina  of  ore, 
and  the  raasiing  may  then  be  dispensed  with. 

In  this  experiment  a  very  high  temperature  ia  always  required, 
because  in  that  case  the  iron  crudble  laats  longer,  ance  it  needa 
not  be  left  so  long  iu  the  Sre  as  would  otherwise  be  necenai7 ; 
and,  moreover,  if  the  temperature  was  not  very  high,  a  lar^e 
quantity  of  oxide  of  iron  mixing  with  the  mass  would  render  it 
Tery  infusible,  and  the  operation  would  be  spoiled. 

In  order  to  eetimftte  the  quantity  of  rilTer  contuned  in  the 
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plate.  Allow  the  action  to  go  od  for  twenty  minutes,  stirring 
from  time  to  time  with  a  glass  rod.  When  the  liquid  has  become 
clear,  throw  it  on  a  smooth  filter  on  which  a  small  piece  of  metallic 
sine  has  been  placed.  Wash  the  lead  and  zinc  in  the  beaker  as 
quickly  as  possible  with  hot  water  by  decantation,  until  the  liquid 
from  the  filter  ceases  to  give  an  acid  reaction  with  litmus-paper ; 
then  transfer  the  lead  from  the  beaker  to  a  weighed  porcelain 
crucible.  In  order  to  remove  any  portions  of  lead  which  adhere 
to  the  lump  of  zinc,  the  latter  may  be  rubbed  gently  with  a  glass 
rod.  Wash  out  the  filter  into  an  evaporating-dish,  remove  the 
fragment  of  zinc,  and  add  the  particles  of  lead  thus  collected  to 
the  contents  of  the  crucible.  Finally,  dry  the  lead  at  a  moderate 
heat  in  a  current  of  ordinary  coal-gas,  and  weigh. 

If  the  mineral  to  be  analyzed  be  contaminated  with  a  siliceous 
or  other  insoluble  gangue,  the  metallic  lead  may  be  dissolved  in 
dilute  nitric  acid  after  weighing,  and  the  insoluble  impurity  col- 
lected and  weighed  by  itself.  In  the  case  of  galenas  which  con- 
tain tSver^  antimony y  copper^  or  other  metals  precipitable  by  zinc, 
the  proportion  of  each  metal  must  be  determined  by  assay  or 
analysis  in  the  usual  way,  after  the  total  weights  of  the  pre- 
cipitated metals  have  been  taken. 

CkA&&8  (CKUl  Vota). — Galls  are  excrescences  produced  by 
the  puncture  of  a  small  insect  on  the  shoots  and  leaves  of  plants, 
and  trees  of  various  kinds,  for  the  purpose  of  depositing  its  eggs. 
The  beat  galla  are  those  found  on  a  species  of  oak  {Quercus  in- 
feetorut)  in  Asia  Minor,  Syria,  Perbia,  and  other  places ;  the  best 
being  thoee  of  Aleppo,  which  are  tubercular  and  almost  prickly 
on  the  surface,  their  size  varying  from  that  of  a  pea  to  that  of  a 
large  filbert  The  best  are  small,  heavy,  hard,  brittle,  and  of  a 
Umsh  colour ;  they  are  called  blue  yalls. 

The  green  yaUs  which,  like  the  blue,  are  galls  from  which  the 
insect  has  not  escaped,  are  nearly  as  good  as  the  blue  galls ;  both 
sue  about  one-third  more  effective  than  the  white  galls,  which  are 
%he  nuts  gathered  after  the  insect  has  escaped  by  eating  its 
"Wf  out 

White  gaUe  are  of  a  yellowish  colour,  perforated,  light,  and 
xnoeh  lets  valuable. 

The  only  fraud  to  which  this  important  article  is  subject  con- 

"^  in  dyeing  the  white  galls,  so  as  to  simulate  the  colour  of  the 

''^gaUBy  pass  them  off  as  such,  and  consequently  obtain  a  higher 

Wee. 

L  This  sophistication,  however,  may  be  readily  detected  by  the 

^     ^oit  cMual  olMervation,  since  all  white  galls  are  perforated,  and 

A    iQeh  Hg^tcr  than  the  blue  or  green  galls  \  they  are  also  much 
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more  easilj  bmken,  uid  tbe;  tie  then  found  to  be  hoQow,  tli« 
inside  bi-ing  full  of  &  dry  wbite  powdn,  instead  of  being  hard  and 
compact,  as  is  the  case  with  the  genuine  blue  and  green  galla. 
According  to  Sir  H.  Davy,  500  parts  of  galla  contain — of  tannin 
130  phrto,  of  gallic  acid  31,  of  mucilage  13,  and  of  saline  infttt«i 
12,  the  remainder  oonfuaUng  of  woodj  mutter.  The  active  prin- 
ciples of  g-nlk  are  taken  up  by  water  and  by  alcohol. 

GAK&WCZKB  (AJi>u4iie).      Set  M  ADD  BR. 

OBRKAN  BIXiVEK  (VKOkfteoc,  TtThlte  Copper,  Slsatmni, 
Tntenar.  Albata.  ai«Uleotiar,  ArEenUll,  Tombso,  A^kal- 
g-amKteii  Silver). — These  alloys  consist  of  nickfl,  copper,  and 
zinc,  in  Taiious  proportions,  with  sometimes  a  little  lead  and  iron. 
See  the  following  Table :  — 
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shell  before  the  whole  has  dissolyed.  The  operator  should  then 
examine  this  silver  shell,  and  if  it  have  a  polished  surface  on  both 
ndes,  the  silyer  has  been  deposited  by  galvanic  action ;  in  the 
contrary  case,  the  article  examined  has  been  plated  in  the  usual 
way.  This  having  been  ascertained,  and  the  whole  having  been 
dissolyed,  hydrochloric  acid  is  added  to  the  solution,  in  order 
to  precipitate  the  silver,  and  the  whole  is  moderately  heated ^ 
in  order  to  agglomerate  the  precipitated  chloiide  of  silver  pro- 
duced; it  is  then  collected  upon  a  filter,  as  small  as  posjiible, 
washed,  dried  with  care,  and  ignited  in  a  small  porcelain  crucible, 
the  filter  being  burnt  separately  upon  the  cover  of  the  crucible, 
with  which  the  latter  is  subsequently  to  be  closed.  After  fusion 
and  cooling,  the  chloride  of  silver  is  weighed;  143.5  grains  of 
chloride  of  mlver  represent  108  of  silver ;  or,  each  grain  of  chlo- 
ride of  silver  contains  07526  of  silver. 

The  proportion  of  silver  may  also  be  determined  by  measure, 
that  isy  by  means  of  a  test  solution  of  hydrochloric  acid,  of  a 
known  strength.    (See  Assay  of  Silver.) 

The  liquid  filtered  from  the  chloride  of  silver  produced  should 
next  be  treated  by  sulphuretted  hydrogen,  a  stream  of  which 
should  be  passed  through  the  liquor  until  it  smells  strongly  of 
the  gas.  The  black  precipitate  produced  is  separated  by  filtering, 
washed,  and  digested  in  strong  nitric  acid ;  sulphuric  acid  is  then 
added  to  the  solution,  which  will  precipitate  the  lead,  if  this 
metal  be  present.  Supposing  this  to  be  the  case,  the  whole 
shoold  be  evaporated  to  dryness,  and  a  stronger  heat  applied 
towards  the  end,  in  order  to  evaporate  the  excess  of  sulphuric 
acid  employed.  The  dry  mass  is  now  treated  by  water,  which 
will  leave  the  sulphate  of  lead  in  an  insoluble  s^te ;  it  is  then 
collected  on  a  filter,  washed,  dried,  slightly  ignited  in  a  porcelain 
crucible,  and  weighed.  152  grains  of  sulphate  of  lead  contain 
104  of  lead;  or,  each  grain  of  sulphate  of  lead  contains  073563 
g^ns  of  lead. 

To  th^  liquor  filtered  from  the  sulphate  of  lead — or,  if  that 
metal  be  absent,  to  the  nitric  acid  solution  of  the  sulphide  pro- 
duced by  sulphuretted  hydrogen — potash  is  now  added,  which  will 
precipitate  the  copper  in  the  state  of  protoxide  of  copper;  the 
whole  is  boiled,  the  precipitate  oxide  of  copper  is  collected  on  a 
filter,  washed  with  hot  water,  dried,  ignited,  and  weighed  im- 
mediately after  cooling,  the  crucible  being  kept  well  closed,  in 
order  to  ayoid  absorption  of  moisture.  3975  grains  of  protoxide 
of  copper  contain  3175  of  copper;  or,  each  grain  of  protoxide 
of  copper  contains  07987  of  copper. 

The  liquor  which  was  filtered  from  the  precipitate  produced 
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by  sulphuretted  hydrogen  shDuld  now  be  boUed,  to  expel  the 
sulphuretted  hydrogen;  and  when  all  odour  of  the  gaa  hM 
vanished,  carbonate  of  sodium  ie  poured  into  the  liquor,  and  the 
whole  is  boiled  for  a  few  minutea,  bj  which  means  the  line  and 
the  nickel  are  thrown  down.  The  precipitate  should  be  coUeclad 
on  a  tilter  and  dinsolred  in  acetic  acid,  which  converts  the  nickel 
and  the  zinc  into  acetatea  of  these  metals.  The  solution  should 
contain  an  access  of  acetic  acid.  A  currant  of  sulpbuietted 
hydrogen  being  now  passed  through  the  solutbn,  the  line  will  be 
precipitated  in  the  stale  of  sulphide  of  cine,  whilst  the  nickel 
will  reninin  in  solution.  The  piedpitated  sulphide  of  line  is 
then  separated  by  filtering,  washed,  uid  redissolved  in  bydro- 
cbluric  acid,  irotn  which  it  u  tinally  reprecipitated  as  carbonate 
of  zinc,  by  a  solution  of  carbonate  of  sodium.  This  precipitate  is 
then  collected  on  a  £lter,  wnshed,  dried,  and  ignited.  Ignition 
converts  it  into  oiide  of  zinc,  in  which  state  it  is  weighed.  4075 
gTJuns  of  oxide  of  zinc  contain  3275  of  zinc,  or  one  grain  (rf 
oxide  of  zinc  contains  0'3o37  of  zinc 

The  liquor  filtered  from  the  precipitated  sulphide  of  tine  con- 
tiiins  the  nickel,  a  portion  of  which  metal  is  retained  also  in  that 
from  which  both  the  zinc  and  nickel  were  precipitated  by  car- 
bonate of  sodium,  as  described  in  the  preceding  paragmph.  The 
two  liquors  should  therefore  be  mixed,  and  the  whole  of  the 
nickel  contained  therein  should   then  be  precipitated  by  means  of 
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Potaah 11*0 

Magnesia 2*3 

Alumina 2*2 

Oxide  of  iron 3*9 

Oxide  of  manganese        .        .        .0*2 

Bohemian-glass  is  colourless,  light,  and,  owing  to  the  large 
proportion  of  silica  which  it  contains,  is  extremely  difficult  to 
fuse ;  on  which  account  it  is  preferahle  to  any  other  kind  of  glass 
for  certain  purposes,  particularly  for  chemical  operations. 

It  is  also  the  only  glass  that  can  he  stained  red,  for  when  the 
process  of  staining  in  that  colour  is  attempted  with  any  other,  the 
g^iaas  softens  long  hefore  the  metallic  oxide  employed  to  produce 
the  red  stain  has  heen  hrought  to  the  fusing  point  The 
ingredients  for  the  manufacture  of  Bohemian-glass  are  employed, 
it  is  said,  in  the  following  proportions : — 

Qnartz  (hyalin)  heated  to  redness,  then 

quenched  in  cold   water,   and   finely 

pulveriied        .        .        .                .        .  .     100  parts 

Calcined  purified  pearlash,  of  best  quality   .  50  to  60    „ 

Galdned  lime 15  to  20    ,. 

Axsenious  acid i  ^    i  P^ 

Nitre i    „ 

Crown-^kus  is  also  a  silicate  of  potassium  and  of  calcium, 
ehiefly  employed  for  the  preparation  of  optical  instruments,  but 
likewise  for  best  window-glass. 

The  specific  grayity  of  crown-glass  is  2*487,  and  its  con- 
stituents are  as  follows : — 

SiHca      .       • 628 

Lime       .        .  *     .        .        .        .  12*5 

Potash 22*1 

Alumina 2*6 

lOO'O 

Crmm  gku»  should  be  perfectly  dear,  free  from  streaks  or 
^labblee,  and  colourless.  The  proportions  of  the  above  ingredients 
"fitted  for  making  the  best  crown-glass  are  the  following : — 

Purified  pearlash      ....    250 

line  sand 300 

lime 33 

Wmdoiuhglau  is  generally  a  double  silicate  of  sodium  and  of 

<^^]diim,  the  soda  being  obtained  from  a  mixture  of  sulphate  of 

^Qdinm  and  of  charcoid,  in  the  proportion  of  three  parts  of  the 
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fint  and  one  of  the  second.    Its  specific  gravitj  is  2'64Z,  and  ila 

composition  ia  as  follows: — 

Silica 69-65 

Lime             I3'3I 

Soda iS-22 

OxidaofiroQ         .       .       t        ■  t'82 


The  proportions  of  the  BnbateiiCM  employed  fbt  milking  window- 
laS8  are  the  following : — 

Sand 100  puta 

Dry  sulphate  of  Rodiom 

Pulverized  charcoal  .        .        .        8-5 1, 

Slaked  lime       . 

Collet 


Collei  is  old  broken  glasei 

Haie-glatt  is  a    ulicate    of  sodium    and    of   calcinm. 
specific  gravitT  is  generallj  2*488,  and  its  conttituenta  are : — 

Silica 75*9 

Lima 3-ti 

Soda 17-5 


lis 


Aim 
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little  manganese  is  present.    Its  specific  gravity  is  2*632,  and  its 
constituents  are  as  follows : — 


Silica    .... 

.     53*55 

Lime                      • 

.    29*22 

Potash  and  soda    . 

.      5-48 

Alamina 

6*01 

Oxide  of  iron 

.      574 

1 0000 

The  green  colour  of  this  kind  of  glass  is  due  to  the  presence  of 
oxide  of  iron,  which  is  reduced  hy  the  carbonaceous  matter  of  the 
ingredients,  and  which  forms  a  silicate  of  protoxide  of  iron.  The 
brown  colour  of  some  kinds  of  bottle-glass  is  due  to  the  presence 
of  an  intermediary  oxide  of  iron ;  and  that  which  has  a  yellowish 
colour,  such  as  the  bottles  in  which  Rhenish  wines  are  contained, 
owes  its  colour  to  the  presence  of  peroxide  of  manganese  and  of 
oxide  of  iron. 

The  mixture  employed  for  making  bottle-glass  in  FrancCi 
Belgium^  and  Germany,  consists  of — 

Yellow  sand  .  .  .100  parts. 
Kelp  .  .  .  .  30  to  40 
Lexiviated  wood -ashes  160  to  170 
Fresh  wood-ashes  .  30  to  40 
Yellow  clay  .  .  80  to  100 
Collet     ....         100 


if 
ff 
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Crystal  is  a  silicate  of  potassium  and  lead,  the  manufacture  of 
which  requires  careful  attention  in  the  choice  and  purity  of  the 
materials,  and  in  their  manipulation.  The  silica  employed  should 
be  as  free  from  iron  and  organic  subtance  as  possible,  and  it  should 
be  in  very  fine  powder. 

In  order  to  ascertain  the  purity  of  the  sand  to  be  employed,  it 
is  best  to  expose  it  to  a  high  temperature  in  contact  with  the  air, 
during  which  the  iron  which  it  may  contain  becomes  peroxidized, 
and  imparts  a  reddish-brown  tinge  to  the  sand.  The  purest  sand 
of  course  is  that  the  colour  of  which  is  least  altered,  but  it  b 
almost  impossible  to  meet  with  sand  which  contains  no  trace  of 
iron,  and  which,  consequently,  remains  unaltered  by  that 
treatment. 

The  carbonate  of  potassium  used  requires,  likewise,  to  be 
carefully  purified,  which  is  done  by  dissolving  it  in  water  and 
evaporating,  in  order  to  crystallize  and  separate  the  sulphates  and 
chlorides  which  it  contains ;  the  carbonate  of  potassium  remaixos^ 


N3 
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in  the  mother-watera  is  ncOTraed  bj  erKpoi^jng  the  liquor  to 

dryness. 

Carbonate  of  sodium  oumot  be  employed  in  the  mumTacture 
of  crystal,  because  it  imparts  to  the  mas*  a  greenish  tjnge, 
however  pure  the  Bait  maj'  be.  This  gieeiush  colour  is,  in  faet, 
one  of  the  characteristica  of  aoda'^aaa. 

The  lead  employed  for  maldug  the  iied  lead  used  fbr  the 
manufacture  of  crystal  must  be  of  the  purest  and  best  kind,  for 
the  presence  of  any  other  metal  would  be  sure  to  impart  a  tinite 
to  the  crystal.  The  presence  of  oxide  of  cupper  is  especially  to 
ba  guarded  ngainst    The  conatatueots  of  crystal  are — 

Silica 56 

Lime 2-6 

Potash 8-9 

Oxide  of  lead  ....    33-5 


The  proportionB  usually  em^iloyed  are  the  following: — 
In  glass  pots,  heated  with  coals  and  coveied — 

Pure  sand 300  parts. 

Bed  lead 200    „ 

FuriSed  carbonate  of  potaaediun  .      9010  95 
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Other  specimens,  According  to  Professor  Faraday,  consist  of — 

Silica     .  *'    .  .    51-93  48-24 44*30 

Oxide  of  lead  .    33*28  —  40*12  43'05 

Potash   .        ,  .     1377  io'6o 1 175 

Alumina         ,  .      0*47  0*58  050 

Oxides  of  iron,  and  1                             » 
ofmangaaea^       /    o-27  o-o8  012 

9972  99'62  9972 

The  proportions  of  the  materials  employed  in  the  manufacture 
of  flint-glass  are  as  follows : 

Pure  sand 300 

Red  lead 300 

Potash         .        .        .        .        .150 

Nitre 10 

Arsenious  acid     ....        0*45 
Oxide  of  manganese     .        .        .        o'6o 

AfudysU  of  Glass. — Take  100  grains  of  the  glass  previously 
reduced  into  very  fine  powder,  and  mix  carefully  with  about 
400  grains  of  dry  carbonate  of  sodium,  also  in  very  fine  powder ; 
put  the  mixture  into  a  platinum  crucible,  or  capsule,  and  maintain 
it  in  a  perfectly  fused  state  for  about  half  an  hour.  When  cold, 
place  the  crucible  containing  the  fused  mass  in  a  wide  porcelain 
capsule,  and  carefully  pour  an  excess  of  dilute  hydrochloric  add 
upon  it,  whereupon  all  the  oxides,  earths,  and  alkalies,  as  well 
as  the  silica,  will  be  dissolved.  Wash  the  crucible  clean  and 
carefully  evaporate  the  whole  of  the  liquor,  with  whatever 
residuum  it  may  contain,  to  dryness.  When  dry,  increase  the 
heat  to  above  500^  or  600°  Fahr.,  which  will  render  the  silica 
insoluble.  The  dry  residuum  must  now  be  treated  with  acidified 
water,  which  re-dissolves  the  oxides,  but  which  leaves  the  silica  in 
an  insoluble  state.  The  latter  is  collected  on  a  filter,  washed, 
dried,  ignited,  and  weighed. 

The  liquor  filtered  from  the  silica  is  then  treated  by  an  excess 
of  solution  of  ammonia,  by  which  the  oxides  of  iron  and  the 
alumina  are  precipitated,  whilst  the  lime  remains  in  solution  in 
the  state  of  chloride  of  calcium.  The  precipitates  of  peroxide  ot 
iron  and  of  alumina  are  separated  by  filtering,  and  washed.  This 
being  done,  an  excess  of  solution  of  caustic  potash  is  poured  on 
the  washed  precipitate,  and  the  whole  is  boiled.  The  potash 
dissolves  the  alumina,  but  leaves  the  peroxide  of  iron  in  an 
insoluble  state ;  it  is  collected  on  a  filter,  thoroughly  washed  with 
boiling  water,  dried,  ignited,  and  weighed.    The  liquor  filtered 
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from  the  peroxide  of  iron,  and  whicli  containi  the  ■lomiiu  in 

eolution  (alunUDate  of  potawium)  should  now  tw  'decomposed  bj 
RuperaaturntiDg  it  with  hydrochloric  add,  and  carbonate  of 
Hmmonium  being  poured  iuto  it,  the  alumina  ia  piedpitatedj 
it  ia  then  collected  on  a  filler,  washed,  dried,  ignited,  and  weighed. 
The  liquor  which  was  filtered  from  the  precipitate  of  peroxide 
of  iron  and  of  alumina,  produced  b;  ammonia,  and  which  contuna 
the  chloride  of  calcium  in  solution,  ahould  now  be  treated  bj 
oxalate  of  Hmmonium,  which  piecipitat«s  the  lime  in  a  state  of 
oxalate  of  calcium.  Tiua  precipitate  being  collected  on  a  filter, 
washed,  and  ignited,  is  then  weighed  as  carbonate  of  calcium. 
50  grains  of  carbonate  of  calcium  represent  28  of  lime,  or  each 
grain  of  carbonate  of  lime  contains  0*56392  of  lime. 

The  determination  of  the  quantity  of  potash  and  of  soda 
contained  in  glass  is  more  diiEcult.  The  process  which  girea 
good  results  is  that  bj  treatment  with  hydroBuoric  acid. 
Bruoner's  apparatus,  which  ohTiates  the  necesntj  of  the  use  of  a 
platimim  retort,  is  the  most  conTenient.  The  operation  should  be 
performed  as  follows . — Take  a  ireab  portion  of  the  glass  to  be 
analysed,  preciously  reduced  by  levigntion  into  exceedingly  fine 
powder,  weigh  off  25  grains  of  it,  put  them  in  a  platinum  capsule, 
and  drench  with  water;  take  now  a  flat-bottomed  lead  ca^ieule, 
with  a  cover  also  of  lead,  about  tai  inches  in  diameter,  and  two 
:  plHW  iii    the  midill.-  nf  il 
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alimuxuiy  oxide*  of  iroxii  and  lime  are  precipitated,  and  separated 
bj  filtering.    lU  liquor  filtered  therefrom  being  evaporated  to 
diyneae  and  slightly  ignited,  the  residuum,  which  consists  of 
sulphates  of  potassium  and  of  sodium,  is  weighed,  in  order  to 
obtain  their  collective  weight;  thej  are  then  redissolved  by 
water,  and  a  solution  of  chloride  of  barium  is  poured  in,  which 
oonv^ts  the   above    sulphates   into   chlorides,  and   the   white 
precipitate  of  sulphate  of  barium,  produced  by  the  reaction,  is 
separated  by  filtering.    The  filtrate  is  concentrated  by  evapora- 
tion, and  an  excess  of  solution  of  chloride  of  platinum  is  poured 
into  it,  which  precipitates  the  potassium  in  the  state  of  double 
chloride  of  potassium  and  platinum ;  the  whole  being  carefully 
evapoiated  nearly  to  dryness,  alcohol  is  poured  upon  it,  the 
precipitate  is  collected  on  a  filter,  washed  with  weak  alcohol 
carefully  dried  at  212^  Fahr.,  and  it  is  then  weighed.    247  grains 
of  the  double  chloride  of  potassium  and  platinum  represent  47 
graina  of  potash.    Or  the  following  method  (La whence  Smith) 
may  be  employed : — ^Mix  intimately  in  a  glazed  mortar  one  part 
of  ike  finely  pulverized  glass  with  five  or  six  parts  of  carbonate  of 
caldam,  and  half  to  three-fourths  of  pure  chloride  of  ammonium ; 
introduce  the  mixture  into  a  platinum  crucible,  and  heat  to  bright 
ledneea  from  thirty  to  forty  minutes.    There  is  no  silicate  which 
after  having  undergone  this  process  is  not  easily  dissolved  by 
hydrochloric  acid.    For  the  action  of  the  lime  to  have  been 
complete,  it  is  not  necessary  that  the  mass  should  have  settled 
down  to  perfect  fusion.    The  contents  of  the  crucible  are  dissolved 
in  dilate  hydrochloric  acid,  and  the  solution  evaporated  to  dryness ; 
the  operation  may  be  completed  over  a  lamp  without  the  danger 
of  the  tpktmg  which  occurs  when  the  fusion  is  made  with  soda. 
To  the  dry  mass  hydrochloric  acid  is  added ;  it  is  then  diluted  and 
boiled;  when  cold,  carbonate   of  ammonium  is  slowly  added 
in  ezcees,  and  the  precipitate  which  occurs  is  filtered  off.    The 
filtrate  contains  chloride  of  ammonium,  chlorides  of  calcium,  and 
perhaps  of  magnesium,  and  the  alkalies  of  the  mineral.    It  is  con- 
centrated by  evaporation,  and  nitric  acid  may  be  added  in  the  pro- 
yutiaa  of  about  three  parts  to  only  one  of  chloride  of  ammonium ; 
the  latter  is  completely  decomposed  by  the  nitric  acid  at  a  low 
'temperature,  into  gaseous  products,  and  much  trouble  is  avoided, 
'the  evaporation  proceeding  rapidly.    When  dry,  the  residue  is 
^dissolved  in  water,  lime-water  is  added,  and  the  liquid  is  boiled 
mod  filtered.    To  the  filtrate  a  sufficient  quantity  of  carbonate  of 
^mmf?iii^"*  is  added  to  separate  the  lime,  which  is  filtered  ofi*,  and 
titb  fihzate  is  again  evaporated  to  dryness.    Dilute  sulphuric  add 
it  sow  added,  by  which  the  nitric  and  hydrochloric  acids  are 
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expelled,  and  tlie  alkalies  remain  in  the  form  of  aalphatas.  For 
the  canTeision  of  tbe  alkaline  aulphatea  into  chloiidee,  acetate  of 
lead  is  added  in  slight  excess,  in  order  to  preciptat«  the  aulphuric 
ncid ;  the  »ulpbate  of  l^ad  is  filtered  oS;  the  lead  is  lemoTed 
from  tbe  filtnite  hj  sulphnretted  hydrogen,  tbe  sulphide  of  lead  ia 
filtered  off,  excess  of  hydrochloric  acid  is  added  to  the  filtrate,  hj 
which  the  acetates  of  tbe  alkalies  are  converted  into  chhmdM, 
And  the  liquid  is  evaporated  to  dryneM.  When  the  object  is  die 
quantitatice  estimation  of  the  alkaXe»  only,  in  tbe  siliceoos 
compound,  the  above  operations  may  be  condderably  curtailed. 
After  tbe  glass  under  exaroination  is  perfectly  decomposed  by 
fusion  with  caibonnte  of  calcium  and  chloride  of  ammonium,  the 
mass  is  bented  with  water  ahae,  until  thoroughly  disintegTHted, 
when  it  is  thrown  npnn  a  filter  and  thoroughly  washed.  The 
filtrate  contains  merely  the  chlorides  of  tbe  alkalies,  n  little  chlo- 
ride of  calcium,  and  caustic  lime.  A  small  quantity  of  carbonate 
of  ammonium  is  added  to  precipitate  tbe  two  latter  sobstimces, 
tbe  carbonate  of  calcium  is  separated  by  filtration,  the  filtnta 
is  evaporated  and  simply  ignitad,  and  the  residue  conaiBts  of  the 
alkalies  in  the  shape  of  chlorides. 

When  the  glass  submitted  to  analysis  contuns  oxide  of  lettd, 
tbe  pulverized  mass,  after  fusion  with  carbonate  of  potawiain, 
should  be  treated  by  nitric  acid  (instead  of  hj  hydrochloric  acid) 
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dryness,  the  snlphate  of  lead  so  produced  is  ignited  in  a  porcelain 
crucible]  and  weighed.  152  grains  of  sulphate  of  lead  represent 
104  of  lead. 

OZJUB8  or  ASTZMCOVT.     See  AKTIMOirr. 

O&mL — Glue  and  size  are  made  from  the  pieces  of  skin  which 
are  cut  off  bj  tanners  as  unfit  for  conversion  into  leather,  or  which 
are  too  small  to  be  turned  to  any  other  account.  The  conyersion 
of  skins  into  glue  or  size  is  effected  by  boiling  them  in  water,  in 
large  boilers  or  coppers  provided  with  a  grating  at  the  bottom,  and 
into  which  the  pieces  of  skin,  enclosed  in  a  large  net,  lifted  and 
lowered  down  by  a  crane,  are  immersed.  The  conversion  of  skin 
into  glue  is  known  only  as  a  fact,  but  is  not  as  yet  well  under- 
stood, for  glue  or  gelatine  does  not  exist  ready  formed  in  the 
animal  tissue. 

In  the  pure  state  glue  is  colourless,  transparent,  hard,  and 
extremely  cohesive;  this  cohesion  or  strength,  however,  is  less 
considerable  in  that  which  has  been  obtained  from  bones  and 
cartilage,  the  strongest  being  that  derived  from  skins,  and 
especially  from  ox  and  cow-hides. 

The  glue  of  commerce  has  ordinarily  a  yellow  or  brown  colour 
from  the  coagulated  albumen,  and  other  extractive  matter  wMch 
it  contains. 

When  a  concentrated  solution  of  alum  is  mixed  with  melted 
gloe,  the  latter  becomes  whiter,  and  it  thickens,  the  tenacity  of 
the  glue  being  thereby  apparentiy  increased  and  its  colour 
improved,  so  that  glue  made  from  skins  of  an  inferior  quality  may 
thus  compete  to  the  eye  with  that  made  of  the  best  materials. 
Alum,  however,  is  always  added  to  a  certain  extent  to  glue,  and 
largely  to  size,  in  order  to  clarify  the  liquor  from  which  these 
labstances  are  obtained,  before  they  are  poured  in  the  moulds  or 
into  the  firkins.  Alum  has  also  the  property  of  preventing  the 
nxe  from  turning  mouldy.  The  addition  is  therefore  so  far  bene- 
dSdal,  but  it  should  not  be  overdone.  Alum  may  be  estimated  in 
j^ue,  after  incinerating  it,  in  the  same  way  as  described  in  the 
«rtide  on  Bread, 

A  superior  description  of  size  is  employed  by  paper-makers 
-^uid  paper-stainers.  It  is  a  colourless  article,  manufactured  from 
^lidee  which  are  macerated  in  water  to  incipient  putrefaction ; 
'ttey  are  macerated  in  an  aqueous  solution  of  sulphurous  acid,  and 
^^hen  converted  into  size  in  the  usual  way. 

CMMbB. — Analt/ns  of  Alloys  of  Gold, — Several  methods  are 

employed.    In  the  first  place,  an  approximation  to  the  relative 

pro^rtions  of  the  constituents  is  obtained  by  the  touchstone  and 

the  assayHieedle.    The  former  is  a  black  and  polished  basalt;  black 
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flint  wd  pottery  will  Berre  the  smiib  purpose.  The  aanj-needlM 
are  small  fillets  of  gold,  ollojed  with  different  and  known  qiian- 
tities  of  silver  and  copper.  The  sets  may  consist  of  pure  gold  f 
pure  gold  23^  carats,  with  half  a  cant  of  silver  j*  23  carats  of 
gold,  with  one  carat  of  ailTer;  32^  canus  of  gold,  with  i^  carat 
of  stLvur  i  and  so  on,  till  the  diver  amounts  to  four  carats,  after 
which  the  additions  tafij  proceed  by  whole  carats.  Other needlea 
ma;  be  made  in  the  same  manner,  with  copper  instead  uf  diver, 
and  other  sets  may  hare  the  addition,  either  of  equal  parts  diver 
and  copper,  or  of  such  proportions  as  the  occadons  of  busineu 
may  require.  When  a  specimen  of  gold  is  about  to  be  examined^ 
it  is  rubbed  nn  the  touchstone,  and  the  colour  which  it  leaves  is 
compared  with  that  communicated  to  the  stone  by  the  assay- 
needles  taken  successively  i  that  which  leaves  a  mark  most 
resembling  that  produced  by  the  spedmen,  b  in  compodtion  moat 
nearly  allied  to  it,  and,  as  the  compodtion  of  the  needle  is  known, 
so  the  operator  is  enabled  to  judge  of  the  quantity  of  sUver 
necessary  to  be  added  for  the  quartatiat  prooC  The  alloy  ia  next 
cut  into  small  thin  plates,  Bod  fused  in  the  cupel  (see  SSver), 
with  3  j  times  as  much  pure  direr  as  it  contains  gold,  and  wi^ 
three  or  four  times  its  weight  of  lead.  After  the  operation,  the 
gold  and  the  silver  remain,  the  oxide  of  copper  being  absorbed 
with  the  oside  of  lead  by  the  cupel.  Thia  process  ia  termed 
e  tho  ij-old  forms  one-fnurth  part  of  the  c iipciled 
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quantity  of  copper  contained  in  the  alioj,  and  the  proportion  of 
iivei  is  afterwards  found  bj  the  action  of  the  nitric  acid.  It 
must  particularly  be  borne  in  mind  that  if  the  nitric  acid  be  not 
free  from  nitrous  acid,  and  especially  from  hydrochloric  acid,  a 
portion  of  the  gold,  sufficient  to  affect  seriously  the  result  of  the 
assay,  may  be  dissolved. 

Mr.  Mako  has  drawn  attention  to  the  loss  which  occurs  in 
parting  qperations,  and  refining  on  a  large  scale,  from  the  solu- 
tion of  gold  in  nitric  acid,  even  when  quite  free  from  hydro- 
chloric acid,  in  consequence  of  the  formation  of  nitrous  acid. 
When  the  silver  is  present  in  large  quantity,  the  solvent  action 
appears  to  be  restrained  by  electrical  action;  but  as  the  silver 
is  removed,  the  solution  of  the  gold  goes  on  more  rapidly.  The 
cause  of  the  evolution  of  nitrous  acid  is  evident  as  long  as  there 
is  any  silver  present,  and  it  often  results  from  the  use  of  charcoal, 
to  prevent "  bumping."  When  charcoal  is  thoroughly  carbonized, 
it  does  not  materially  afiect  the  acid,  but  if  it  contain  woody 
matter,  nitrous  acid  is  sure  to  be  set  free. 

Pmification  of  Gold  by  Cementation. — ^The  alloy  is  reduced  to 
a  thin  plate,  and  surrounded  in  a  crucible  with  a  pulverulent  mix- 
ture of  four  parts  of  brick-dust,  one  of  calcined  vitriol,  and  one 
of  common  salt.  It  is  then  exposed  for  sixteen  or  eighteen  homrs 
to  a  strong  red-heat  The  vi^pours  of  hydrochloric  and  sulphuric 
add  which  are  formed  attack  the  metals  mixed  with  the  gold, 
and  the  mass  is  prevented  from  fusing  by  the  brick-dust.  If  the 
first  cementation  has  not  been  found  sufficient  to  purify  the  gold, 
the  operation  is  repeated,  but  in  the  tplace  of  common  salt  nitre 
ia  used.  The  same  method  is  employed  to  refine  the  surface  of 
gold  articles  after  they  are  polished.  The  cementation  here 
pfoduoes  the  same  efiect  as  tartar  and  salt,  in  which  silver  goods 
are  boiled  to  give  them  a  white  colour. 

Fmr^caUan  by  Fution  with  Sulphide  of  Antimony, — Some  borax 
ia  fused  in  a  crucible,  so  that  the  walls  become  lined  vnth  the 
Titnfifid  flux ;  a  mixture  of  two  parts  of  sulphide  of  antimony  and 
one  of  the  gold  to  be  assayed  is  then  introduced.  The  sulphur 
ocNnlniieB  with  the  foreign  metals,  and  the  antimony  unites  with 
tbe  gold;  the  alloy  being  removed,  the  scorise  are  a  second  time 
fuaedi  with  the  addition  of  two  parts  more  of  sulphide  of  anti- 
mony, and,  when  the  whole  of  the  gold  ^is  extracted,  the  various 
aUoya  are  mixed  together  and  heated  in  an  open  vessel,  with  two 
JMurti  of  stdphor*  The  sulphide  of  antimony  volatilizes,  leaving 
tlie  gold ;  to  increase  the  action,  a  current  of  air  from  a  pair  of 
bdlowB  may  be  directed  on  the  surface  of  the  melted  mass,  or. 


what  is  perhapi  still  bettAr,  tbe  miiture  of  Hie  two  toe 
be  taaed  in  a  lanpa  cnuuble,  with  thrsB  times  its  wogbt 
by  which  the  antimoDf  becomes  ozidiied  and  dispened, 
ramaioing  nntoucbed.  Another  method  is  to  ftue  the  g 
with  a  mixture  of  tucide  of  bad  snd  wJpAur,  and  to  M 
fused  mass  charcoal  in  the  state  of  fine  powder ;  the  gol 
obtained  alloyed  with  the  lead  only,  from  which  it 
separated  bj  cupellation. 

In  this  operation  it  frequentlj  happens  that  some  of 
mony  remsina  allojed  with  the  gold,  a  plan  for  remoTU 
hss  been  suggested  by  Mr.  WABUioToir  ('  Jour.  Che 
voL  xiiL  p.  33).  It  ooiuiste  io  emplojring  about  lo  pei 
oxide  of  copper,  and  a  small  quantity  of  borax,  with  « 
alloyed  gold  must  be  kept  in  a  well  fused  state  for  half 
The  result  is  a  perfecdy  malleable  gold,  containing 
percentage  of  copper,  and  well  fitted  for  the  purpose  of  o 

Editnation  of  Oold  hg  Stmdnrd  Sokdion*  (HrarRT, ' . 
Pharm.'  Jan.  1847). — This  process— which  was  devised 
author  in  consequGnce  of  the  difficulty  which  he  expei 
appreciating  very  minute  quantities  of  gold,  either  by 
ot  by  cupellation,  in  certain  iuTestigations  in  whid 
engaged  relative  to  the  processes  of  gilding  and  ail 
ni!d   RlTOLiT— i-   UmmW\  on   tin-  priiicipl« 
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Upon  a  watch-glass  and  treated  with  protosulphate  of  iron ;  if  the 
liquid  does  not  yield  a  black  or  grrey  precipitate,  it  is  a  sign  that 
it  contains  no  gold  in  solution ;  should  the  contrary  occur,  more 
copper  must  be  added,  and  the  liquid  again  agitated.  When  the 
whole  of  the  gold  has  been  precipitated  upon  the  copper,  the 
liquid  is  carefully  saturated  with  pure  sulphuric  acid,  so  as  to  be 
fiighUy  add.  By  this  means  all  the  copper  precipitated  in  the 
state  of  carbonate  is  dissoWed,  without  the  gold  or  metallic  copper 
being  at  all  acted  upon.  It  is  filtered,  and  a  solution  of  pure 
ferracyanide  of  potassium  of  known  strength  carefully  added  by 
means  of  a  graiduated  burette,  until  a  precipitate  ceases  to  be 
formed ;  the  number  of  divisions  of  the  instrument  employed  to 
precipitate  the  copper  is  noted,  and  in  this  manner  the  quantity 
of  the  metal  dissolved  in  the  liquid  is  ascertained. 

When  it  is  a  solution  which  is  to  be,  or  has  been,  used  for 
gilding,  the  author  advises  to  precipitate  the  diluted  acid  solution 
by  a  current  of  sulphuretted  hydrogen,  to  collect  the  precipitate 
ind  strongly  calcine  it  after  washing.  The  sulphide  of  gold  being 
reduced  to  the  metallic  state,  the  calcined  residue  is  redissolved 
in  nitric  add,  and  the  gold  which  has  remained  unattacked 
diaaolved  in  aqua  regia,  and  treated  as  above  described. 

The  use  of  the  ferrocyanide  of  potassium,  to  determine  the 
amount  of  copper  which  represents  the  gold  in  a  compound,  is 
founded  on  the  fact  that  this  reagent  is  still  very  sensitive  when 
mlphide  of  sodium  has  no  longer  any  perceptible  action.  The 
eonditians  requisite  for  the  success  of  the  operation  are  : — ist,  to 
take  care  that  the  copper  employed  is  perfectly  free  from  oxide ; 
2nd,  to  be  certain'  that,  after  contact  with  the  copper,  no  gold 
remains  in  solution;  3rd,  to  saturate  the  mixture  exactly  with 
pure  sulphuric  acid  after  the  reaction ;  4th,  to  mix  as  quickly  as 
posaible,  at  a  gentle  heat,  the  copper  and  the  bicarbonate  with 
the  aolution  of  the  terchloride  of  gold ;  5th,  to  add  the  test  liquid, 
which  has  been  made  shortly  before  use,  with  precaution,  and  only 
by  drops,  when  but  a  slight  chestnut  or  dark-red  precipitate  is 
poduoed. 

IL  HsNBT  quotes  a  number  of  experiments,  the  results  of 
which  proye  the  exactness  of  the  process,  as  well  as  the  ease  and 
with  which  it  may  be  performed. 
See  Ambebobbase. 
o«B.    See  Cobalt  Obbs. 
See  Manubes. 

K.    See  Capsicum. 
EO.    Gum  arabic  exudes  from  several  species  of 
in  £ig7pt  and  Arabia ;  that  from  the  Acacia  Arabica  is  the 
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beet.  It  is  in  rounded  piecet,  of  an  iTrefraUr  idM,  bird,  brittle, 
Bemi'trenHpsrent,  coIoorleM,  or  of  k  digbtlj  jellowiah  or  browniah 
colour,  due  to  the  prewnee  of  fordgn  (nbrtavcw.  Onm  arsUc  ia 
odourleia,  and  bu  on\j  a  funt  flnonr.  Wben  piire,  it  ii  entirelf 
soluble  in  wAter,  but  more  r^pidlj  in  hot  water.  Its  cpedflc 
gmvi^  variea  from  I '31  to  1*48,  or  1*51  J.  In  tlie  dry  atat^,  gam 
ftmbic  retMsa  ntill  1 7  per  cent,  of  water,  wbitA  maj  be  elimmatad 
by  pulveriiing  it  and  ezponng  tbe  powder  for  a  long  time  to  a 
steam  beat. 

Oum  arable  is  often  adalterated  with  pwn  tmugal,  wbich  baa 
almoet  the  same  appearance,  and  altdftotber  the  vme  qnalitiea  aa 
gum  anbic ;  but  as  gam  arabtc  ia  always  a  little  more  expenidTe, 
the  beat  pieces  of  Kum  Senegal,  that  is,  those  viiich  are  small  and 
of  a  light  colour,  dry,  eamly  broken — and  in  fact,  which  reaemble 
gum  arabic  moat — are  mixed  with  it,  and  sold  aa  auch.  It  ia 
sometdmes  mixed  also  with  common  cheny-tree  gum.  The  means 
of  detecting  this  ^ud  are  giren  in  the  article  on  Otm  Smegai. 

Oum  arabic  is  often  sold  in  a  pulveriied  state ;  the  gnm  sold 
in  that  utate,  and  under  that  name  fpulvis  acacin)  ia  a  white 
powder,  but  which  is  frequentlv  mixed  with  starch  or  flour,  and 
m  which  generally  the  gnm  arable  is  altogether  replaced  by  gnm 
Senegal,  or  partly  by  pulreriied  cberry-trM  gum.  The  adultera- 
tion with  atarch  or  flour,  however,  is  very  earily  detected  by 
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be  thrown  on  a  filter,  and  the  filtrate  be  evaporated,  it  will  be 
seen  that  a  small  portion  only  has  been  taken  np  by  the  water. 
When  pulyerized,  the  presence  of  the  common  gum  is  recognized, 
because  the  mucilage,  which  the  powder  forms  with  water,  instead 
of  being  homogeneous  and  syrupy,  is  more  or  less  interspersed  with 
gelatinous  clots. 

QVWK  TRAOAOAITTB. — Gum  tragacanth  'is  produced  by 
the  astragakis  cretieua ;  it  is  met  with  in  thin,  opaque,  white  or 
yellowish,  tough,  flat  strips  of  an  irregular  shape,  or  in  threads,  or 
in  amorphous  lumps,  tasteless  and  odourless. 

This  gum  has  nearly  the  same  properties  as  gum  arable  or 
Senegal,  but  it  is  partly  insoluble  in  cold  water,  though  entirely 
soluble  in  boiling  water.  One  part  of  gum  tragacanth  forms  as 
thick  a  mucilage  as  25  parts  of  gum  arabic. 

Gum  tragacanth,  in  the  state  just  described,  can  hardly  be 
adulterated;  but  in  the  pulverized  state  it  is  very  of^^n  mixed 
-with  a  multitude  of  other  cheaper  powders,  more  especially  with 
gum  Senegal. 

A  mixture  of  pulverized  gum  tragacanth  and  gum  Senegal 
always  forms  with  water  a  thinner  mucilage  than  the  same  quan- 
tity of  either  of  these  gums  alone.  The  following  process  is  in- 
dicated, by  M.  Plavche,  for  the  detection  of  this  fraud : — Make 
a  madlage  of  the  suspected  gum,  and  add  thereto  a  few  drops  of 
alcoholic  tincture  of  guaiacum,  taking  care  to  stir  all  the  while. 
If  the  gum  under  examination  contain  any  gum  arabic,  the  mix- 
ture, in  the  course  of  a  few  minutes,  assumes  a  fine  blue  colour, 
whilst  it  does  not  change  colour  if  the  gum  tragacanth  be  pure. 
One-twentieth  part  of  gum  arabic  can  be  thus  detected. 

We  should  remark,  that  only  four  or  five  drops  of  tincture  of 
goaiACum  should  be  employed  for  two  drachms  of  mucilage,  and 
that  when  the  quantity  of  gum  arabic  is  very  small,  three  or  four 
hours  must  often  elapse  before  the  change  of  colour  can  be  ob- 
senred. 

And,  moreover,  when  rectified  alcohol  is  poured  in  a  clear  and 
filtered  mndlage  of  gum  tragacanth,  it  produces  only  a  few 
flakes,  which  swim  about  in  the  liquor,  but  do  not  impair  its 
transparency ;  whilst  if  gum  arabic  is  present,  either  a  precipitate 
is  prodaoed  in  the  liquid,  or  it  becomes  opalescent,  according  to 
the  proportion  of  gum  arabic  which  it  contains. 

See  Bronze. 
. — Gunpowder  is  essentially  a  mechanical  but 
intimate  mixture  of  three  substances  :  namely,  saltpetre, 
eharomil,  and  sulphur,  in  various  proportions,  according  to  the  use 
fnr  whidh  it  is  intended,  and  according  to  the  country  where  it  is 
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manufactured.    Tba  following  Table  indicates  the  compoaitioD  of 
gunpowder  in  Mveral  couutnea : — 


Battpetre 

Chaneal 

Bulphnr 

EogUDd      . 

Cummon  powder    , 

7SO 

USO 

la-jo 

Waltham  Abbey  Hill* 

{ 

i 

■5 

Shooting  powdn   . 

IS 

'9 

I'riming  powder    , 

is 

IS 

90 

France. 

NaiiondMiUa       . 
Shonting  powder    . 

U 

laso 

"SO 

Mining  powder 

63 

18 

ao 

Ameriu       . 

Common  powder    . 

7S 

■ay 

laso 

Prussia 

7S 

i*'S 

las 

Russia.         . 

M7a 

'359 

rala 

76 

11-50 

ra-so 

Holland 

"           " 

76;47 

1078 

>»;7S 

Sweden 
Switzerland . 

I     I    : 

r 

9 

>4 

16 

China  .         . 
Uavaria 
Uaden .         . 

75 

I4*> 

9-60 

"     " 

_} 

75 

•as 

n-5 

Under  the  influence  of  a  anfficient  degree  of  beat,  the  three 
constituents  of  gunpowder  raact  powerfully  upon  each  uther,  and 
disengage  almo&t  iastantaneouBl;  an  enormous  quantity  of  gao,  on 
which  Ihn  <lvnnmic  cliVct  of  thi?  ciimpniniii  depcnii.-i,     If  ihc  henl 
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ducts,  18  always  in  very  small  quantity,  and  its  presence  is  owing 
to  the  property  which  charcoal  powder  possesses  of  absorbing 
moisture,  on  account  of  its  porosity,  and  in  consequence  of  which 
g^powder,  even  of  the  very  best  quality,  and  kept  in  the  driest 
magazines,  is  never  perfectly  dry.  The  moisture  penetrating  the 
g^ns  of  powder,  proportionately  impairs  its  dynamic  or  ballistic 
effects,  causes  the  saltpetre  to  effloresce  at  the  surface  of  the 
grains,  destroys  the  homogeneity  of  the  mixture,  and  disaggregates 
its  constituents.  The  gunpowder  which  has  been  made  with 
black  charcoal  absorbs  less  moisture,  and  this  is  the  case  also  with 
large-grained  more  than  with  small-grained  powder.  In  dry 
magazines  ordinary  gunpowder  contains  from  0.5  to  0.6  per  cent. 
of  moisture,  but  if  left  exposed  in  damp  places,  it  absorbs  a  much 
more  considerable  quantity  of  it.  Large-grained  powder,  and 
that  which  is  damp,  leave  in  the  gun  a  thick  coating,  which  aug- 
ments at  each  round,  and  soon  renders  the  gun  so  foul  as  to 
become  useless  until  deaned. 

The  temperature  produced  by  the  combustion  of  gunpowder  is 
exceedingly  high,  and  sufficient  to  melt  gold  and  red  copper ;  the 
gases  produced  by  the  combustion  are  thus  enormously  dilated, 
ind,  according  to  Gay-Ltjssac,  one  volume  of  gunpowder  pro- 
duces about  2000  volumes  of  gas;  but  in  order  to  obtain  the 
fullest  effect  the  combustion  must  take  place  very  rapidly,  and 
therefore  the  dynamic  effects  of  gunpowder  depend  not  only  upon 
tbe  proportions  of  the  substances  employed,  but  likewise  upon 
their  intimate  mixture,  and  on  the  physical  state  of  the  powder 
after  being  manufactured. 

Gunpowder  should  be  hard  enough  not  to  give  a  large  quantity 
of  dust  by  abrasion,  for  the  dust  lying  compactly  impedes  the 
rapidity  of  the  inflammation.  Good  gunpowder  should  resist 
preesuie  between  the  fingers,  and  after  spreading  upon  the  back 
of  the  hand  it  should  leave  no  stain  thereon.  The  grains  should 
have  a  slightly  shining  or  glossy  appearance,  and  be  proportional 
to  the  use  for  which  it  is  intended. 

The  grains  of  ammunition  gunpowder  should  be  angular,  hard 
and  dry ;  they  should  be  able  to  resist  a  moderate  pressure,  and 
giTO  no  dust  when  poured  in  the  hand. 

The  grains  of  shooting  gunpowder  should  be  angular,  hard^  of 
unilbrm  sixe,  and  glossy. 

Ifiuers'  powder  is  similar  to  that  used  for  cannon. 

Good  gunpowder,  being  spread  upon  a  sheet  of  paper  and 
inflamedy  should  bum  rapidly  with  a  flash,  and  should  leave  no 
appreciable  residue  on  the  paper ;  neither  should  it  bum  it. 
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Gnnpowder  has  genenllj  %  iiA  gnyiah  or  kowiuah  eoloari 
a  perfectly  bliusk  colour  indicfttM  tliat  dtbra  too  niDch  diueoftl 
hu  been  tued,  or  tliat  tlia  chBiecMl  ms  tM>  hard.  U  the  giaiiia 
exhibit  here  and  tbere  white  ^fM'"g  partid««,  tliey  are  dne  to 
lui  effloreacenee  of  the  saltpetn^  tai  the7  are  geDarally  olMerrabla 
on  po-wder  which,  having  been  acddontallj  wetted,  haa  been 
Tedried. 

When  gfunpowder  deee  not  contain  more  than  7  pw  cent  of 
water,  it  maj  b«  rendered  again  peifectl7  good  by  drpng  it; 
but  when  it  contuna  8,  10,  or  14  per  cent,  of  water,  aa  ia 
Bometimes  the  case,  it  ebonld  be  reman  ufactnred.  Aa,  how- 
ever, the  gunpowder  which  haa  become  wet  may  have  loat  a 
portion  of  its  saltpetre,  it  is  necesMiy  to  analyie  it  in  order  to 
Bscert^n  and,  if  neceawry,  to  reatore  the  loa&  When  damaged 
by  sea-water,  it  is  no  longer  fit  for  oae,  but  from  anch  powder  the 
saltpetre  may  be  extracted. 

Anali/tu  of  Gtatpowdar, — The  aamjde  intended  for  analyde 
(from  zo  to  30  grains)  is  finely  pnlveriied  and  dried,  alher  in  the 
water-bath,  or  m  vaewt  over  sulphmic  add.  It  it  then  digested 
for  some  time  with  boiling  distilled  water,  and  the  intolnble 
portion  thrown  on  a  filter,  the  weight  of  which  ia  known.  It  it 
repeatedly  washed  while  on  the  filter  witii  hot  watnr.  The 
filtrate  and  the  washings  are  evaporated  to  diyneae,  and  the  dry 
niW9  Pstiiimlt'J  HB  nitre:  or,  lifter  hovine;  wuiplieJ  tbe  rcMdiiv,  it 
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the  weight  of  sulphate  of  barium  obtained  the  amount  of  sulphur 
is  calculated. 

Mabchafd  modifies  the  above  (6ay-Lu8Sac*8)  method  of 
estimating  the  sulphur  in  gunpowder  in  the  following  manner : — 
A  mixture  of  i  part  of  nitrate  and  3  parts  of  carbonate  of  barium 
is  intimately  mixed  with  a  twelfth  part  of  the  powder,  and  heated 
in  a  tube  closed  at  one  end.  A  layer  from  3  to  4  inches  in 
length  of  barium  salt  is  inserted  in  front  of  the  mixture,  and  the 
whole  is  heated  in  the  combustion-furnace,  beginning  at  the 
anterior  portion.  The  mixture,  which  does  not  fuse,  is  easily 
removed  from  the  tube,  which  is  rinsed  with  dilute  hydrochloric 
acid,  in  which  the  ignited  mass  is  then  dissolved.  The  liquid  is 
retained  in  a  beaker  for  several  hours  near  212°,  and  the  stdphate 
of  barium  is  then  collected  on  a  filter.  The  amount  of  sulphur 
may  likewise  be  determined  accurately  in  the  moist  way.  From 
30  to  40  grains  of  the  powder  are  treated  in  a  fiask  with  concen- 
trated nitric  add,  with  the  addition  of  a  few  grains  of  chlorate  of 
potassium  ;  the  mass  is  kept  gently  boiling  until,  at  last,  a  colour 
less  liquid  is  obtained,  which  is  diluted  with  a  large  quantity 
of  water,  and  precipitated  while  hot  with  chloride  of  barium. 

MM.  Closz  and  Guignet  employ  as  an  oxidizing  agent  pure 
crystallised  permanganate  of  potassium.  About  one  gramme  of 
the  well-dried  powder  is  boiled  with  a  saturated  solution  of  the 
permanganate,  fresh  portions  being  added  from  time  to  time,  until 
the  mixture  has  a  persistent  violet  colour :  concentrated  hydro- 
chloric acid  is  then  added,  and  the  whole  boiled  until  the  oxide 
of  manganese  is  completely  dissolved ;  the  solution  is  filtered, 
concentrated  (if  necessary),  a  little  nitric  acid  added,  and  the 
sulphuric  add  predpitated  by  chloride  of  barium. 

The  charcoal  is  estimated  indirectly  by  deducting  the  weights 
of  the  moisture,  nitre,  and  sulphur  from  the  original  wdght  of  the 
powder  analysed. 

The  amount  of  nitre  in  gunpowder  may,  according  to  Mab- 
CHAKD,  be  ascertained  with  great  precision  by  determining  the 
quantity  of  nitrogen  in  the  powder.  For  this  purpose  a  portion  of 
the  sample  is  weighed  off,  reduced  to  a  fine  powder,  and  intimately 
mixed  with  oxide  of  copper ;  the  mixture  is  transferred  to  a  com- 
bnatioD-tube,  the  sealed  end  of  which  is  charged  with  carbonate 
of  lead,  and  then  with  oxide  of  copper;  oxide  of  copper  and 
metallic  copper  are  placed  in  front 

U0HATIU8  emoloya  the  following  ingenious  process  for  deter- 
mifMWjy  the  amount  of  nitre  : — 20  grammes  of  the  powder  are 
intioduced  into  a  flask  with  about  50  grains  of  lead  shot;  200 
grammef  of  well-water  are  then  added  by  means  of  a  graduated 
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pipette ;  the  flank  is  well  doaed  and  shalcen  for  ef^bt  minntM,  bj 
which  the  ftoludon  of  the  nitrate  of  potMuum  in  the  powder  is 
complptel;  etfected.  The  solution  is  filtered,  snd  172  gnmmes  of 
tbe  filtrate  measured  off  in  &  Mcosd  pipette,  and  placed  in  h 
naiTCin  beaker;  it  is  brought  to  tka  nonnal  temperature,  and  a 
glass  bubble  ia  introduced.  This  bubblo  ia  so  constructed  that 
when  the  ponder  contuna  75  per  cent  (  -  15  (irammes  of  nitiate 
of  potassium)  it  will  rise  to  tbe  snrface,  while  the  addition  of 
three  or  four  drops  of  water  will  cause  it  to'  sink  to  tbe  bottom. 
By  means  of  a  graduated  pipette  fixed  quantitieH  of  one  or  two 
solutions  arc  added,  so  aa  to  cause  an  increase  or  diminution  in  the 
quantity  of  nitrate  of  potassium  contained  in  the  solution,  equal  to 
one  or  uiore  loths  per  cent,  until  the  bubble  attains  the  surface 
of  the  solution.  The  percentage  quantity  of  nitre  in  the  gun- 
powder is  now  ascertained  by  adding  to,  or  deducting  from,  75, 
the  amount  of  diminution  or  increase  in  the  strength  of  the  solu- 
tion effected  by  tbe  addition  of  the  test  fluid. 

Srparation  of  the  Satpkmrfrom  the  Charcoal. — For  this  porpose 
MARcnAiTD  adopts  Woelbb's  method,  which  is  as  follows: — A 
weighed  quantity  (about  30  gnuns  of  the  dried  mixture  of  sulphur 
and  charcoal)  is  introduced  into  a  bulb  blown  out  about  2  inches 
from  tbe  extremity  of  a  tube  of  hard  glass,  about  8  inches  in 
k'ni-'tli.     An  nsbeetos  plug  is  thrust  into  tho  lonaer  pr\rt  of  the 
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which  has  been  rectified  over  oxide  of  lead,  is  poured  over  it  until 
what  passes  through  leaves  no  sulphur  on  evaporation ;  the 
powder  is  then  finally  treated  with  alcohol.  It  is  still  better  to 
use  the  sulphide  of  carbon  mixed  with  absolute  alcohol.  As  soon 
as  the  charcoal  is  washed,  a  eurrent  of  dry  air  is  drawn  through 
the  tube  by  means  of  an  aspirator,  the  tube  itself  being  confined 
in  an  air-bath  at  248°.  The  dry  charcoal  is  weighed  accurately  in 
the  tube. 

The  sand,  &c.,  contained  in  the  powder  may  be  determined 
with  tolerable  accuracy  by  trituration  and  suspension. 

BAMBUSO  'WHZTB.     See  CaBBONATB  OF  LSAD. 
BABTSBOBITB  (8PIBZT8  OT).     See  AkMOIOA. 

See  Iron  Obbs. 
. — Honey  is  a  saccharine  substance  produced  by  the 
bee,  of  a  semi-solid  consistence,  white,  yellow,  or  brown,  and 
sometimes  of  an  aromatic  taste ;  brown  honey  has  generally  an 
acrid,  disagreeable  flavour. 

The  best  way  of  purifying  honey  is  the  following : — Dissolve 
the  honey  to  be  purified  in  its  own  weight  of  water,  and  boU  the 
whole  four  or  six  times,  without  skimming.  It  should  then  be 
removed  from  the  fire,  and  after  cooling  it  is  poured  upon  linen 
strainers,  previously  covered  with  fine  and  well- washed  white  sand 
about  one  inch  thick.  The  solution  of  honey  which  filters  through 
has  then  the  colour  of  white  wine ;  the  sand  on  the  strainers  is 
rinsed  with  cold  water,  and  the  liquor  is  finally  evaporated  to  the 
consistence  of  syrup. 

Honey  is  sometimes  adulterated  with  chalk,  but  more  often 
-with  flour,  or  with  syrup  of  potato-sugar  (glucose). 

These  sophistications  are  easily  detected  and  estimated  by  dis- 
solving a  given  weight  of  the  honey  in  cold  water ;  the  chalk  or 
other  insoluble  substances  will  settle  at  the  bottom,  and  may  be 
separated  by  decantation ;  in  this  way  the  chalk  and  the  flour  will 
settlsi  the  chalk  fiidling  first.  If  the  addition  of  hydrochloric  acid 
produces  an  effervescence,  it  indicates  the  presence  of  chalk ;  if 
solation  of  iodine  imparts  a  blue  colour,  it  is  owing  to  the  presence 
of  starch  or  flour. 

If  potato-sugar  is  present  in  the  honey,  it  may  be  detected  by 
the  processes  which  are  described  in  the  article  on  Sugar, 

Honey  which  has  been  kept  more  than  a  year,  or  which  has 
become  of  a  syrupy  consistence,  or  of  an  acidulous  or  pungent 
taete,  should  be  rejected.  It  is  with  the  view  of  shielding  this 
deterioration  that  flour  or  starch  is  often  mixed  with  it  When 
boney  which  has  been  sophisticated  in  this  manner  is  heated,  it 
liqaetiee  at  first,  bat  on  cooling  it  becomes  solid  and  tough. 


198  HTDBOCHLOBIO  ACID. 

KTMLansc  ciHBMTS.    SttLiia. 

KTSK&UXtO  XOXTASa.      See  LiKB. 

KTSBZODATJR    OT    VOTASB.      See    lOSIDX     OP    PoTA»- 

HTSXOCBKOSZC    AOES  (Ohlorlijrano  AelO.   mrtstto 

Add,  spirit  «r  Skit). — Hjdiodiloiic  acid  ii  &  combiiuitioD  of 
hydrogen  and  of  chlorine.  Hydrochloric  add  u  a  gas  produced 
by  the  action  of  Bulphuric  add  upon  common  salt,  which  gas, 
when  condeneed  io  water,  conatitutes  the  liquid  hydrochloric  or 
muriatic  acid  of  commerce. 

Commercial  hydrochloric  add  is  a  liqiud  of  a  yellow  colour, 
of  epedtic  gravity  ri6  or  ri7,  of  a  pungent,  iufTocating  odour, 
intensely  add,  and  emitting  white  fumes  in  the  air,  ospedally  if 
the  air  be  damp.  It  is  completely  Tolalilized  by  heat.  Pure 
hydrochloric  acid  is  perfectly  colouileHa. 

As  the  spedfic  gravity  of  hydrochloric  add  is  Bometimee  arti- 
ficially  incresaed  by  the  fraudulent  addition  of  certain  salts,  the 
spedfic  gravity  is  no  criterion  of  its  genuineneaa  or  strength, 
except  it  be  known  that  the  add  is  pure.  The  presence  of  fixed  salta, 
however,  may  be  summarily  ascertuned  by  evaporating  to  diyneos 
acertain  quantity  of  the  add  under  examination,  which  wiUleavft 
the  salts  as  a  dry  residuum,  the  relative  pnportim  of  which  may 
ertniiii^d  by  weipbing. 
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liydrocUoric  acid  of  ap.  gr.  vzo.  Sucb  an  add  should  have  a 
Bpecitic  gravity  of  V17. 

When,  however,  the  add  u  known  to  be  pure,  which  may  be 
aacerlained  as  described  furtbei  on,  ita  atreDgth  maj  he  detoiv 
mined  by  its  deuBitj,  m  shown  in  the  Table  (see  p.  199)  by  Dr.  U&B, 
which  we  reproduce  here. 

Commercial  hydrochloric  add  is  occadonally  •ophlsticatad, 
but  it  is  moreover  contamiDBted  generallj  by  Tariona  subataaces, 
the  presence  of  which  it  ia  Bometimea  important  to  know  how  to 
detect.  For  eiHmplu,  it  ordiaarily  contains  all  tlie  salts  which 
existed  in  the  water  which  had  been  employed  for  condensing  the 
gaa,  and  likewise  sulphuroua  and  aulphuric  adda,  more  or  lees  ; 
perchloride  of  iron ;  sometimes,  also,  a  iittle  arsenioua  or  anenic 
acid,  nitric  add,  and  some  free  chlorine. 

The  presence  of  sulphuroua  add  is  dne  to  the  action  of  the 
aulphuric  acid  upon  the  organic  matter  contdned  in  the  common 
salt  employed  in  the  manufacture  of  hydrochloric  add;  but  it  is 
more  eapedally  on  the  Continent  that  this  contamination  is  met 
with,  for  common  salt  being  there  subject  to  a  fiscal  tax,  tram 
which  that  salt  is  only  exempted  which  ia  employed  for  manu- 
facturing purpoaee,  the  government  require  that  such  salt  ahould 
be  mixed  with  Un  or  coal-dust.  In  Great  Britain,  aulphnroua 
iicid  19  I'uund  in  lijdwthluric  adii  wLon  il  hiia  been  manufjiotured 
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phurous  acid  is  coDsiderable,  it  may  be  detected  by  its  odour 
(that  of  burning  sulphur). 

The  presence  of  sulphurow  acid  in  hydrochloric  acid  may  also 
be  detected  by  means  of  a  solution  of  permanganate  of  potash. 
The  process  is  as  follows : — The  acid  in  question  is  first  diluted 
with  water,  and  a  few  drops  of  the  solution  of  permanganate  of 
potassium  are  poured  into  it.  If  the  colour  of  the  permanganate 
is  completely  destroyed,  sulphurous  acid  is  present,  for  otherwise 
the  solution  would  assume,  for  a  certain  length  of  time,  a  red  or 
pink  tinge. 

The  presence  of  sulphurous  acid  may  also  be  detected  by 
passing  a  current  of  sulphuretted  hydrogen  through  the  hydro- 
chloric acid,  for  in  that  case  a  milky  white  precipitate  of  sulphur 
is  produced.  If  the  precipitate  so  produced  is  yellow,  arsenious  or 
else  selenic  acid  may  be  suspected. 

But,  according  to  Messrs.  Fordos  and  Gelis,  the  smallest 
traces  of  sulphurous  acid  in  hydrochloric  acid  may  be  detected  as 
follows: — Dissolve  a  little  zinc  in  the  acid  under  examination, 
and  pass  the  hydrogen  gas  which  is  evolved  through  a  solution  of 
subacetate  of  lead ;  or,  better  still,  through  one  of  oxide  of  lead  in 
caustic  potash ;  a  black  precipitate  of  sulphide  of  lead  will  then 
be  produced. 

The  presence  of  perchloride  of  iron  is  easily  detected  by  super- 
saturating the  hydrochloric  acid  under  examination  with  ammonia, 
which  will  precipitate  the  peroxide  of  iron  in  the  shape  of  flakes  of 
a  reddish-brown  colour,  either  immediately,  or,  if  in  trifling 
quantity,  after  a  little  time. 

I^  however,  only  traces  of  iron  are  present,  it  is  better  to 
supersaturate  the  acid  with  ammonia,  and  then  to  add  hydro- 
sulphuret  of  ammonia,  which  will  precipitate  the  iron  in  the  state 
of  black  sulphide.  The  yellow  colour  of  the  commercial  acid  is 
generally,  though  not  always  due  to  the  presence  of  iron,  but  it 
may  be  also  derived  from  contamination  with  organic  matter; 
for  example,  from  the  lute  with  which  the  carboys  containing  it 
are  closed,  and  portions  of  which  have  accidentally  fiEkllen  into  it. 
The  presence  of  organic  matter  is  readily  detected  by  evaporating 
a  few  drops  of  the  acid  to  dryness ;  a  carbonaceous  residuum  will 
then  be  left. 

The  presence  of  arsenious  acid  is  detected  by  Marsh's 
apparatus. 

*'  Marshes  Apparatus,** — This  instrument  is  grounded  upon  the 
property  which  nascent  hydrogen  has  of  combining  with  arsenic, 
with  which  it  forms  arseniuretted  hydrogen,  from  which  arsenic 
can  be  separated. 
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The  sppanttue  lepTesented  in  Fig.  30  is  e  modification  of  Mr. 
Mabbh's  oiigiual  apparatus,  whereby  aevend  sources  of  error  and 
iDConvenieace  ore  avoided;  whilst,  at  the  same  time,  it  is  ren- 
dered much  cheaper,  unce  it  may  at  once  be  made  with  the  bottles 
ADd  tubes  which  are  slways  to  be  found  in  the  laboratory. 
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of  pure  zinc  in  bottle  a,  some  water  should  be  poured  in  sufficient 
quantity  to  stop  the  end  of  the  glass  funnel  b,  and  then  the  hy- 
drochloric acid  under  examination  is  introduced.  Hydrogen  is 
generated,  which  is  allowed  to  escape  for  some  time,  so  that  the 
whole  apparatus  is  tilled  with  it.  It  may  then  be  inflamed  at  the 
end;  and  a  piece  of  glass,  or  china,  or  mica,  being  introduced  into 
the  flame  at  the  end  k,  will  show  whether  the  zLqc  employed  is 
pure  j  as,  if  so,  the  piece  of  glass,  or  china,  or  mica,  wUl  remain 
spotless. 

As  the  zinc  employed  for  the  apparatus  must,  of  course, 
contain  no  arsenic,  the  following  method  of  purifying  it  for  the 
purpose  has  been  proposed  by  M.  Michelet  :  — 

Melt  some  commercial  zinc,  and  when  very  hot  pour  it  out 
into  a  deep  pail  of  water.  Gather  the  zinc  thus  granulated,  and 
if  not  in  sufficiently  small  pieces,  break  the  larger  bits  in  a  mortar, 
and  place  them  in  alternate  layers  with  one  quarter  of  their 
weight  of  saltpetre  into  a  Hessian  crucible,  taking  care  to  begin 
with  a  layer  of  saltpetre  and  terminate  with  a  layer  of  zinc.  Heat 
now  the  crucible,  and  when  the  deflagration  and  fusion  will  have 
taken  place,  remove  the  scoriae,  and  run  the  zinc  in  an  ingot 
mould ;  it  will  be  found  to  be  perfectly  pure. 

Caution. — ^It  is  necessaiy  to  wait  some  little  time  before  in- 
flaming the  gas  at  k,  in  order  that  the  apparatus  may  contain 
nothing  but  hydrogen ;  as  if  atmospheric  air  was  still  in  it,  an  ex- 
plosion might  take  place,  which  would  break  the  apparatus. 

Haying  thus  ascertained  that  the  zinc  and  materials  employed 
are  puie,  the  hydrochloric  acid,  being  first  diluted,  so  that  it  be 
only  moderately  acid,  is  to  be  introduced  into  the  bottle  a,  by 
means  of  the  funnel  b. 

The  gas  escaping  at  k  may  now  be  inflamed,  which,  if  nothing 
but  pure  hydrogen  is  escaping,  will  bum  with  the  ordinary  flame 
peculiar  to  that  gas ;  but  if  arsenic  be  present,  the  flame  will  be 
whitiah. 

If  a  piece  of  glass,  china,  or  mica,  being  held  in  the  flame, 
Remains  spotless,  it  is  a  sign  that  nothing  but  hydrogen  is  escap- 
ing ;  but  if,  on  the  contrary,  the  piece  of  glass,  or  china,  or  mica, 
being  thus  held  in  the  flame,  a  deposit  is  formed  thereon,  of  a 
"White  or  brown  colour,  it  is  either  metallic  arsenic,  or  arsenious 
acidy  or  oxide  of  antimony ;  one  or  both. 

To  identify  arsenic,  the  spirit-lamp  j  is  to  be  lighted ;  where- 
upon the  gas,  in  passing  through  the  tube  thus  exposed  to  a  red 
heatf  will  be  decomposed,  and  the  result  will  be  that  the  metal 
of  the  aneniuretted  hydrogen  will  be  thereby  reduced. 

If  the  metal  reduced  by  the  heat  is  deposited  in  the  tube,  at  a 
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certun  distance  beyond  the  point  at  which  tiie  tnb«  is  hwted,  and 
if  beat  beiug  applied  again  to  that  part  where  the  depodt  haa 
taken  place,  this  deposit,  bj  being  heated  again  Tolatdlltaa  and 
goes  beyond  the  place  thus  heated,  to  be  deponted  at  another 
portion  of  the  tube,  and  »o  on,  ^en  the  compound  contuna 

Thb  bein^  ascertained,  that  part  of  the  tube  x  drawn  into  a 
point  ma;  be  broken,  and  the  diaangagement  of  gtta  may  be  left  to 
take  place,  until  the  whole  of  the  arsenic  will  have  escaped  in  the 
shape  of  nrseniuretted  gas. 

Caidion.  —  When  the  compound  contains  anenic,  the  dis- 
engagement of  tbe  araeniuretted  hydrogen  produced  must  never  be 
Buffered  to  fake  place  in  the  apartment,  but  in  the  flue  of  the 
chimney,  and  great  care  is  to  be  taken  not  to  breathe  any  portion 
of  it,  as  it  is  an  exceedingly  deleterious  gas. 

If  uitric  acid  be  preaent,  it  may  be  detected  by  adding  gold 
leaf,  which  in  that  case  will  be  dissolved. 

Nitric  acid  may  also  be  delected  by  protoaulphate  of  iron  in  the 
following  manner:— To  tho  add  under  examination  add  one> 
fourth  of  concentrated  sulphuric  aoA,  and  tbe  whole  having  ' 
become  cold,  drop  into  the  liquid  a  crystal  of  protoaulpbate  of 
iron ;  if  nitric  acid  be  present,  that  portjon  of  liquid  immediately 
'  I  contact  with  the  ctystal  of  the  salt  of  iron  will  a 
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generally  sufficient  to  convert  the  arsenious  or  arsenic  acids  into 
sulphuret  of  arsenic,  which  remains  in  the  retort ;  and  this  addi- 
tion may  be  made  immediately  after  that  of  the  peroxide  •f 
manganase,  as  above  described. 

Artenie  and  arsenious  acids  may  also  be  completely  separated 
by  digesting  the  hydrochloric  acid  upon  copper  filings,  decanting, 
and  then  distilling  the  acid. 

STBSOCB&O&ATB  OF  AMMOVXA.  See  Sal  Am- 
KONIAC. 

BTVOCB&OAXTB  OF  &ZMB.     See  ChLOBIDE  07  LlME. 

zamzCMI. — Indigo  is  a  blue  colouring  matter,  which  can 
be  extracted  from  several  tropical  plants,  but  nearly  all  the 
indigo  of  commerce  is  the  product  of  the  various  species  of  Indi' 
go/era.  There  are  various  modes  of  extracting  indigo  from  the 
plant,  and  manufacturers  differ  in  their  opinion  as  to  which  is  the 
best  process  of  obtaining  it 

Indigo  should  be  in  lumps  of  a  fine  deep  purple  colour, 
Hamming  a  coppery  hue  when  rubbed  with  a  hard  and  polished 
body,  such  as  the  nail  for  example ;  and  its  fracture  should  be 
homogeneous,  compact,  fine-grained,  and  of  a  coppery  colour.  A 
diiigy,  dark,  or  brownish  tinge,  is  a  sign  of  adulteration  or  of  bad 
quali^.  The  lumps  should  be  inodorous  and  light;  if  heavy, 
earthy  impurities  are  present. 

Good  indigo  should  leave  only  a  fine  streak  when  rubbed  upon 

a  piece  of  white  paper,  this  being  one  of  the  tests  of  the  best  quality, 

cidled  J!9ie  blue.    The  other  qualities  are  known  as  ordinary  blue, 

JmepwrpUj  purple  and  violet,  dull  blue,  inferior  purple  aud  violet, 

drong  copper  and  ordinary  copper. 

Besides  these  various  shades  or  differences  in  the  colour,  the 
value  of  indigo  may  also  be  deduced  in  various  ways.  Thus,  if 
indigo  is  too  hard  or  brittle,  the  chests  will  contain  a  large  pro- 
portion of  small  bits  or  powder ;  if  the  lumps  exhibit  crevices,  or 
if  the  outer  surfiEUse  is  blackish,  or  greenish  ;  if,  on  breaking  a  lump, 
black  spots  axe  seen  here  and  there ;  or  if  it  looks  blistered,  and 
hat  little  cavities,  generally  white  internally  (which  is  probably 
due  to  mouldiness) ;  or  if  the  lumps  appear  to  consist  of  strata  of 
Tarious  shades  of  colour,  or  be  full  ef  white  spots  ;  all  these  are 
imperfections  or  defects  which  affect  the  value  of  the  drug  in  a 
mioQS  manner.  Indigo  frequently  contains  sand,  the  presence  of 
which  may  generally  be  detected  by  breaking  a  lump,  and  looking 
li  the  fmctore  whilst  holding  it  horizontally  between  the  eye  and 
the  li^ty  in  which  case  small  shining  points  may  be  observed, 
which  axe  the  particles  of  sand.  In  general,  when  indigo  is  in 
hazd  dij  lumps  of  a  dark  colour,  it  is  considered  of  bad  or  of 


ioferior  qiuditr.    Indigo  in  diut,  or  in  Bmall  bits,  is  oFten  ftdul- 
terated  vith  eand,  pulveriaed  el&te,  and  other  eorthj  Bubstuices. 

EUimatum  oftht  Value  of  Indigo. 
(a.)  A  Dftermination  of  MoittKre.^-ThM  i>  done  by  weighing; 
ofT  e,  certain  quandtj  of  indigo  under  exitminstion — zoo  grains,  for 
example — and  exposing  it  (in  a  Bteam-bstb)  to  a  temperatuie  of 
312°  Fahr.,  until  it  no  longer  diminisbes  in  weight ;  tlie  loss  should 
not  be  more  than  from  3  to  6  per  cent 

(b.)  Determiaatilm  of  Fixed  Inorganic  Matltn. — Tbis  is  donebj 
ineratin^  a  given  weight  of  tbe  indigo — 20  gnuns,  for  exunple— 
I  small  platinum  crucible  or  capsule.  During  this  proceM  the 
Indigo,  if  of  good  quality,  fuses  and  emits  liimes  of  a  fine  purple 
colour.  The  quandly  of  ashes  left  is  in  general  from  6  to  7  per 
cent,  but  the  genuine  indigo  of  Senegal  leaves  sometdmes  as  much 
as  12  per  cent  of  ashes. 

(c.)  Introduce  into  a  glass  bottle,  having  a  lai^  mouth  and 
provided  with  a  glass  stopper — 

lodigro,  dried  at  212°  Fahr.  .        .        .  lo'o  gnuns. 
Crystallised  proloBulphate  of  iron  (free 

from  copper) 36'0      „ 

Caustic  potash SI'S 
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will  of  course  dye  the  most  stuffy  and  give  the  higher  or  deeper 
colour. 

M.  HouTOir  liABiLLABDikKB  determined  the  commercial  value 
of  indigo  by  means  of  an  instrument  to  which  he  gave  the  name  of 
colorimeter^  and  which  consists  of  two  perfectly  cylindrical  glass 
tubes  (closed  at  one  end)  of  about  half  an  inch  bore,  and  about 
thirteen  or  fourteen  inches  long.  These  two  tubes  must  be  made 
of  the  same  glass,  and  of  the  same  diameter  and  thickness.  At 
about  the  fth  part  of  their  length  from  the  closed  end  they  are 
divided  into  two  parts  of  equal  capacity,  the  second  half  being 
graduated  into  100  divisions.  The  two  tubes  are  then  placed  into 
a  small  wooden  box  through  two  contiguous  openings  at  the 
upper  part  of  the  box,  and  immediately  behind  which  tubes  two 
square  holes  or  slits,  corresponding  to  the  diameter  of  the  tubes, 
are  cut,  whilst  the  other  end  of  the  box,  facing  the  tubes,  has  an 
eye-hole,  so  that  by  holding  the  box  before  the  light,  and  looking 
at  the  tubes  through  the  eye-hole,  the  difference  of  hue  of  the 
coloured  liquor  put  into  the  tubes  may  be  easily  appreciated.  The 
inside  of  the  box  should  be  blackened. 

The  operation  is  conducted  thus: — ^Take  a  sample  of  each  parcel 
of  indigo  to  be  examined,  reduce  the  samples  separately  in  fine 
powder,  by  triturating  and  sifting ;  weigh  off  20  grains  of  each, 
and  introduce  that  quantity  (namely,  20  grains)  into  a  small 
matrass  perfectly  clean  and  diy,  pour  upon  it  400  grains  of  con- 
centrated sulphuric  acid  of  specific  gravity  1*845,  ^^^  leave  the 
whole  exposed  to  a  gentle  heat  of  about  100°  or  iio^Fahr.  for 
about  one  hour,  shaking  the  matrass  from  time  to  time,  in  order  to 
promote  the  solution.  When  the  indigo  has  dissolved,  and  the 
liquor  has  become  cold,  the  whole  is  emptied  into  a  large  glass 
bottle  capable  of  holding  four  pints  of  liquor,  stirring  the  whole 
well  with  a  glass  rod ;  the  matrass  should  be  well  rinsed  with 
water,  which  is  to  be  poured  into  the  bottle,  and  more  water  is 
added  until  the  bottle  is  completely  filled  up.  Take  now  10,000 
grains-measure  of  this  liquor,  and  pour  them  into  another  bottle, 
or  glass  beaker,  which  should  be  left  at  rest  for  a  few  hours,  so 
that  the  liquor  may  settle  well.  The  rest  of  the  liquor,  not  being 
I8ed>  may  be  thrown  away. 

If  several  samples  of  indigo  have  to  be  tested,  the  operation 
just  described  must  be  repeateid  on  20  grains  of  each,  so  that  they 
may  all  be  examined  at  the  same  time  and  in  the  same  manner. 

The  solution  having  settled,  a  portion  of  it  is  poured  into  the 
colorimeter  tubes  up  to  0° ;  they  are  then  introduced  into  the 
holea  in  the  box,  and  their  tint  is  examined  by  looking  at  them 
thxoogh  the  eye-hole  opposite ;  if  a  difference  in  the  depth  of  the 


208  ISOIGO. 

colour  is  obEerved,  wftter  is  ndded  to  thst  which  has  the  deepei 
colour  of  the  two ;  thp  aperture  of  the  two  being  well  closed  with 
the  flower,  the  liquid  is  well  shakan  nnd  the  tube  i»  reintroduced 
buclt  into  its  hole,  water  being  n^n  added,  if  need  be,  until  the 
colour  in  the  two  tubes  hns  acquired  the  »ime  «hnde.  By  looking 
Kt  the  divisions  on  the  tube  to  whioh  water  has  been  added,  the 
operator  knows  at  once  the  difference  or  relative  colonring  power 
of  the  two  samples  examined,  for  it  is  evident  that  that  indigo  is 
the  richer  or  of  more  value  which  baa  required  n  greatBr  quantity 
of  water  to  be  brought  to  the  same  pitch  or  intenatj  of  colour  &» 
the  other. 

The  value  of  indigo  may  also  be  tested  in  the  following 
manner : — Take  a  portion  of  the  indigo  to  he  examined,  reduce  it 
to  powder,  and  weigh  nIT  a  certain  quantity  of  it.  Talie  also  twice 
the  weight  of  the  indigo  of  quick-lime  obtained  by  calcining 
oystei-Bhella  or  white  marblo;  and  for  each  20  grains  of  indigo 
weighed  off,  take  iq,ooo  grains-measure  of  water;  with  part  of 
that  water  aloke  the  lime,  and  with  another  portion  of  it  grind 
the  indigo  into  impalpable  povrder  with  a  mnller  on  a  slab.  The 
hydrate  of  lime  (alaked-lime)  is  then  miied  with  the  indigo,  and 
the  mixture  is  ground  a^ain  with  the  muller  as  perfectly  as 
posflible.  The  triturated  mssa  is  then  introduced  into  a  large 
flask  capable  of  holding  the  whole,  taking  care,  of  oourae,  not  to 
^pill  or  waste  Anything:  the  Hlab  and  the  muller  are  washed  ? 
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deaied  it  is  poured  on  a  weighed  filter,  and  the  precipitate  thus 
separated,  and  which  is  pure  indigo,  being  washed  and  dried  at 
2*12^  Fahr.,  is  then  weighed. 

Suppose,  for  example,  that  the  quantity  of  indigo  operated 
upon  is  100  grains,  which  will  have  required  500  divisions  (50,000 
^^rains-measure)  of  water,  and  that  200  divisions  (20,000  grains- 
measure)  having  ultimately  been  left  to  oxidize,  have  yielded  1 5 
grains  of  indigo,  the  indigo  under  examination  contained  37^  per 
cent  of  pure  indigo. 

200  :  15  :  :  500  :  x  =  37*5. 

M.  Daita  proposed  another  method  ('Journal  of  Prac 
Chem.,'  xxvL  p.  398),  which  consists  in  boiling  the  indigo  with 
carbonate  of  sodium,  adding  protochloride  of  tin  from  time  to 
time,  and  precipitating  the  clear  solution  by  one  of  bichromate  of 
potassium ;  filtering,  washing  the  precipitate  with  dilute  hydro- 
chloric add  in  order  to  remove  the  hydrate  of  oxide  of  chromium, 
drying,  and  then  weighing  the  indigo,  which  should  then  be 
incinerated;  and  the  ashes  being  deducted  from  the  weight  thus 
obtained,  gives  the  proportion  of  pure  indigo. 

FriUMs  Process. — If  indigo  be  treated  vdth  a  solution  of 
caustic  potash  in  spirits  of  wine,  a  small  quantity  of  peculiar 
indigo  blue  is  obtained  in  the  form  of  scales.  The  process  is  based 
on  tiie  reduction  of  indigo,  for  which  purpose  spirit  of  wine  is 
used  instead  of  water,  as  in  the  ordinary  process ;  and  in  lieu  of 
the  substances  employed  in  other  cases  for  effecting  this  reduction, 
grape-sugar  is  substituted  on  account  of  its  solubility  in  alcohol ; 
for  the  same  reason  lime  is  replaced  by  caustic  potash,  or  caustic 
•oda. 

One  part  of  indigo,  with  one  part  of  grape-sugar,  are  put  into 
a  bottie  capable  of  containing  40  parts  of  liquor.  The  bottle  is 
half  filled  with  boiling  alcohol,  and  the  other  half  with  alcohol 
previously  mixed  with  i^  parts  of  very  concentrated  ley  of  caustic 
•oda.  The  bottie  being  thus  charged  is  strongly  agitated,  and 
then  left  at  rest  for  some  time.  After  the  liquid  has  become 
brigfat,  it  is  drawn  into  another  bottle  by  means  of  a  siphon. 
The  liquor  thus  obtained,  whilst  protected  from  the  contact  of 
the  air,  is  of  a  yellowish-red  colour,  and  so  dark  that  it  appears 
truispazent  only  when  in  thin  layers.  As  soon,  however,  as  it  is 
expoeed  to  the  influence  of  the  oxygen  of  the  air  it  becomes 
piffple,  and  quickly  passes  through  the  different  tinges  of  red, 
▼iolety  and  blue,  whilst  the  whole  of  the  indigo  blue  is  deposited 
in  the  form  of  scales.  This  is  obtained  as  a  very  fine,  light, 
crystalline  powder ;  whilst  all  the  other  substances  contained  in 
indigo  either  remain  imdissolved  at  the  commence- 

p 
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meat,  or  remun  in  solutioo  whilst  the  bine  oolomiiig  tnsttei  is 
depoaiting.  After  the  indigo  blue  bM  been  plaoed  on  a  filter 
end  washed  with  a  little  ilcobol,  it  moat  be  wuhed  with  water, 
and  this  is  easily  and  speedily  effected.  On  the  crystals  minute 
globules  of  a  substance  insoluble  in  alcobolMsoonunonlj  deponted, 
which,  however,  easily  dissolTe  in  water,  and  ve  produced  by  the 
action  of  caustic  sods  on  the  giape-eagar. 

Commercial  indigo  seldom  cont^ns  50  per  cent,  of  blue 
colouring  matter ;  the  remainder  connsts  of  eithei  accidental  or  of 
intentional  impurities.  In  ganeial  it  may  be  said  that  the 
lighter  the  specific  gravity  of  the  Inmps  of  indigo,  the  better  the 
drug. 

Z09ZDM  OF    POTJWSXDIK   (KrartadBte  af  VotMta). — 

Iodide  of  potassium  is  employed  for  medicinal  pnrpoees,  end  it 
extensively  used  in  phob^raphy. 

Iodide  of  potassium  is  white  and  opaque ;  it  has  a  pungent 
tast«,  and  it  emits  purple  fumes  when  treated,  with  the  help  of 
heat,  by  either  nitric  or  by  aulphnric  acid|  it  dyetalliiea  in 
cubes.  100  parts  of  water  at  64°  Fahr.  dixnlTe  143  porta  of 
iodide  of  potassium. 

Commercial  iodide  of  potassium  is  aometimea  ccmtmninated  by 
ekloride  of  potamium  or  other  cUortiJM,-  occasionally  it  containa 
also  some  potash  or  carbonaie  of  potaitium,  and  likewise  iodaU  ef 


IODINE.  2X1 

the  rest  of  the  solution  with  hydrochloric  acid,  and  test  for 
sulphate  by  the  addition  of  a  drop  of  chloride  of  barium,  and  for 
nitrate  by  tinging  it  faintly  with  sulphuric  acid  and  indigo  solution, 
and  heating.  lodate  of  Potassium  is  detected  in  an  aqueous  solu- 
tion of  the  salt  by  adding  a  few  drops  of  mucilage  of  starch,  and 
then  a  few  drops  of  concentrated  solution  of  tartaric  acid  insufficient 
to  cause  a  precipitate ;  if  iodate  be  contained  in  the  salt,  a  violet 
colouration  of  the  liquid  will  occur  at  once ;  or  the  aqueous  solu- 
tion mixed  with  a  few  drops  of  concentrated  solution  of  tartaric 
add  may  be  shaken  with  some  chlorofonui  which  will  assume  a 
red  colour  when  iodate  is  present 

Chloride  and  bromide  are  detected  by  carefully  precipitating  a 
warm  diluted  aqueous  solution  of  the  salt  with  nitrate  of  silver ;  a 
slight  excess  of  ammonia  is  then  added,  and  after  agitation,  the 
mixture  filtered,  and  the  filtrate  supersaturated  with  nitric  acid. 
Since  ammonia  dissolves  only  a  trace  of  iodide  of  silver,  the 
transparency  of  the  liquid  must  not  be  at  all,  or  only  slightly 
impaired;  a  white  precipitate  indicates  bromide  or  chloride. 
In  order  to  distinguish  these  the  precipitate  is  collected  on  a 
filter  and  washed  with  a  little  water  until  this  ceases  to  redden- 
bloe  litmus-paper ;  the  filter  is  then  pierced  by  a  glass  rod  and 
the  precipitate  rinsed  into  a  test-tube;  after  subsidence  the 
water  is,  as  far  as  possible,  decanted,  and  chlorine  water  added 
and  agitated  with  the  precipitate.  Since  chlorine  decomposes 
bromide  of  silver,  dissolving  the  disengaged  bromine  with  a 
yellow  colour,  bromine  will  be  recognised  by  a  more  or  less  deep 
colouring  of  the  fluid,  while  chloride  of  silver  remains  unchanged 
and  without  any  action  on  chlorine  water.  When  chloroform  or 
ether  is  then  added  to  the  fluid  and  agitated,  it  will  absorb  the 
bromine  and  the  yellow  colour  firom  the  water. 

A  quantitave  estimation  of  the  purity  of  iodide  of  potassium 
may  be  made  by  completely  precipitating  with  nitrate  of  silver  a 
warm  solution  of  lo  grains  of  the  salt  in  about  one  ounce  of 
water.  After  cooling  and  subsidence  the  supernatant  liquid  is 
caiefolly  decanted ;  one  fluid  drachm  of  pure  ammonia,  diluted 
with  two  drachms  of  water,  is  then  added  to  the  precipitate,  and 
miter  agitation  for  a  few  minutes  the  latter  is  collected  upon  a 
tared,  moist  filter,  is  washed  with  a  little  water,  and  dried  at  a 
temperature  not  exceeding  80°  C.  If  the  iodide  of  potassium  was 
pure,  14*1  grains  of  silver  salt  should  be  obtained. 

lOBnra. — Iodine  is  a  simple  body,  solid  at  the  ordinary 
temperature,  of  a  bluiah-black  colour  and  metallic  lustre,  like 
blade  lead;  it  is  often  met  with  in  flakes  or  in  plates.  It  is  soft 
and  finable  to  the  touch,  its  taste  is  very  acrid,  and  its  odour 
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readily  coiideiisiblc,  may  be  thus  easily  se])arate( 
at  about  ;^^C^°  Fahr.,  and  directly  wei^'-hed,  ^e 
fraudulent  additions. 

If  dissolved  in  alcohol,  the  iodine  may  be  i 
simply  bj  pouring  into  the  alcoholic  solution  a  i 
of  water,  which  precipitates  it  in  the  form  of 
which  may  be  collected  on  a  filter,  carefully  driec 

The  iodine  met  with  in  commerce  is  general 
Tariable  proportions  of  water,  sometimes  to  the 
i8  per  cent  This  impurity  may  be  detected  by 
between  two  folds  of  blotting-paper,  and  then  ; 
glass  belly  in  a  shallow  basin  or  capsule,  by  th* 
a  dish  containing  caustic  lime  or  concentrated  e 
which  the  moisture  is  absorbed.  When  the  we: 
longer,  the  loss  indicates  the  amount  of  water. 

Aism/  of  Commercial  Iodine  (Mofb*s  met 
M.  A«  IloBiEBBB).~Make  a  concentrated  soh 
potassium ;  this  is  to  dissoTe  the  iodine  which  i 
standard  solution  of  arsenite  of  sodium  is  obtai 
4*95  grammes  of  arsenious  add  with  14*5  grami 
carbonate  of  sodium,  and  diluting  the  aqueoui 
This  solution  should  decolorize  an  iodized  Hquid 
grammes  of  iodine  per  litre.  But  supposing  t 
add  may  not  have  this  reducing  power,  the  tes 
less  exact,  as  at  the  time  of  performing  it  the  i 
weight  of  pure  iodine  to  the  arsenite  will  also  I 
■AtnAwhat  concentrated  solution  of  bicarbonate 
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this  coloured  solution  fill  a  flask  containing  loo  cCf  shake  it,  and 
pour  the  contents  into  a  graduated  hurette.  On  allowing  the 
iodized  solution  to  fall  into  the  arsenite  drop  hj  drop,  and  stirring 
it  quickly,  the  hrown  colour  will  be  seen  to  disappear  instanta- 
neously ;  but  scarcely  will  all  the  arsenite  have  beien  changed  to 
arseniate  when  the  solution  of  iodine  will  produce  a  double  re- 
action :  in  the  first  place,  the  benzol  will  turn  red ;  secondly,  the 
aqueous  liquid,  which  was  perfectly  colourless  at  the  beginning  of 
the  operation,  assumes  a  very  sensible  yellowish  tinge — the  sig- 
nificant character  of  this  is  the  more  surprising  when  we  remem- 
ber the  very  small  quantity  of  iodine  which  causes  it. 

A  fcecond  experiment  is  now  to  be  performed  upon  the  iodine 
to  be  estimated ;  and  the  same  weight  being  used,  its  standard  is 
at  once  shown,  since  the  volume  of  the  solution  requisite  to 
destroy  the  alkaline  arsenite  is  in  inverse  proportion  to  the  quan- 
tity of  real  iodine  to  be  determined. 

TROW  (ABaljrsls  of  Zron  Ores). — Iron  ore  is  the  name  given 
to  any  substance  containing  enough  iron  to  repay  the  expense  of 
extracting  it ;  and  as  even  small  proportions  of  phosphorus,  or  of 
mt^thwr,  or  of  arsenic,  are  exceedingly  prejudicial  to  the  quality  of 
iron,  the  toughness  of  which  they  either  impair  or  deslsroy,  the 
ores  containing  any  of  these  substances  in  quantity  are  rejected. 

The  ores  of  iron  most  generally  employed  are  the  magnetie 
oxide  of  iron,  anhydrous  peroxide  of  iron,  hydrate  of  peroxide 
of  iron,  carbonate  of  protoxide  of  iron  (black  band),  argilaceous 
carbonate  of  iron  (day  iron-stone). 

Dry  Assay  cf  Iron  Ores, — ^The  object  of  the  dry  assay  of  an  iron 
ore  is  to  ascertain,  by  an  experiment  on  a  small  scale,  the  amount 
of  iron  which  the  ore  should  yield  when  smelted  on  the  large  scale 
in  the  blast-furnace.  For  this  purpose  the  metal  must  be  de- 
oxidized, and  such  a  temperature  produced  as  to  melt  the  metal 
and  the  earths  associated  with  it  in  the  ore,  so  that  the  former 
may  be  obtained  as  a  dense  button  at  the  bottom  of  the  crucible, 
and  the  latter  in  a  lighter  glass  or  slag  above  it.  Such  a  tern-  . 
peratore  can  only  be  obtained  in  a  wind-furnace,  connected  with 
•  ehinmey  at  least  thirty  feet  high ;  and  when  made  expressly  for 

lying,  the  furnace  is  gener^y  built  of  such  a  size  that  four 
lya  may  be  nuule  at  the  same  time,  namely,  about  fourteen 
znchea  square  and  two  feet  in  depth  from  the  under  side  of  the 
cover  to  the  movable  bars  of  iron  which  form  the  grate.  In 
Older  that  the  substances  associated  with  the  iron  in  the  ore 
■hoiild  foxm  a  fusible  compound,  it  is  usually  requisite  to  add  a 
flux,  the  natore  of  which  will  depend  on  the  character  of  the  ore 
under  eizaiiiiDation.  Bkbthebb  divides  iron  ores  into  five  dassea: — 
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always  l^'tt^r  to  employ  one,  as  it  greatly  I'acilitat* 
of  the  buttou :  borax  may  be  used,  or,  better,  i 
silicate,  such  as  ordinary  flint-glass.  Ores  of  t 
require  some  base  to  serve  as  a  flux,  such  as  carb< 
or  a  mixture  of  carbonate  of  calcium  and  clay,  or 
calcium  and  dolomite.  Ores  of  the  third  class 
carbonate  of  calcium  in  the  proportion  of  from  on 
fourths  of  the  weight  of  the  foreign  matter  pre 
Ores  of  the  fourth  class  require  as  a  flux  silica 
rounded  quartz,  and  generally  also  some  lime.  T 
spathic  ores,  which  belong  to  this  class,  may  be  i 
addition  of  silica  alone,  but  the  magnesian  spat] 
lime.    Ores  of  the  fifth  class  require  no  flux. 

Method  of  Conducting  the  Assay, — One  hundr 
ore,  finely  pulverized  and  passed  through  a  silk 
mixed  with  the  flux,  and  the  mixture  introduced 
cavity  made  in  the  centre  of  a  crucible  that  has 
charcoal.  The  lining  of  the  crucible  is  effectc 
filling  it  with  coarsely  powdered  and  slightly  di 
which  is  then  rammed  into  a  solid  form  by  th( 
wooden  pestle.  The  mingled  ore  and  flux  must 
charcoal.  The  crucible,  thus  filled,  is  closed  witl 
luted  on  with  fire-clay,  and  is  then  set  on  its  1 
furnace.  The  heat  should  be  very  slowly  raie 
remaining  closed  during  the  first  half  hour.  In  thi 
of  the  damp  charcoal  exhales  slowly,  and  the  deoxi* 
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paper;  the  hrtuque  is  carefully  remoTed,  and  the  button  of  cast 
iron  taken  out  and  weighed.  If  the  experiment  has  been  entirely 
successful,  the  iron  will  be  found  at  the  bottom  of  the  crucible  in 
a  small  rounded  button,  and  the  slag  will  be  entirely  free  from 
any  adhering  metallic  globules,  and  will  resemble  in  appearance 
green  bottle-glass ;  should,  however^  the  slag  contain  small 
metallic  particles,  the  experiment  is  not  necessarily  a  fidlure,  as 
they  may  generally  be  recovered  by  washing,  and  the  magnet ; 
but  if,  on  breaking  the  crucible,  the  reduceid  metal  should  be 
found  in  a  partially  melted  state,  and  not  collected  into  a  distinct 
mass,  it  indicates  either  too  low  a  temperature  or  an  improper 
selection  of  fluxes,  and  the  experiment  must  be  repeated.  The 
iron  obtained  is  not  chemically  pure ;  it  contains  carhon,  and,  if 
the  ore  be  manganiferous,  manganese :  the  result  is  therefore 
somewhat  too  high,  though  indicating  with  suflicient  exactnesS| 
for  all  manufacturing  purposes,  the  richness  of  the  ore  assayed. 

Humid  Auay  of  Iron  Ores, — Too  great  care  cannot  be  bestowed 
on  the  sampling  of  ores  intended  for  analysis.  To  expend  so  much 
time  and  labour  on  an  isolated  specimen  (unless  for  a  special 
object)  is  worse  than  useless.  The  sample  operated  upon  should 
be  selected  from  a  large  heap,  which  should  be  thoroughly  gone 
OTer,  and  several  pieces  taken  from  difierent  parts ;  these  should 
be  coarsely  powdered  and  mixed,  and  about  half  a  pound  taken 
from  the  mass  should  be  preserved  in  a  well-stoppered  bottle  for 
the  analysis. 

(i.)  Determinatum  of  Water  (hygroscopic  and  combined). — 
About  50  grains  of  the  ore  are  dried  in  the  water-oven,  till  no 
further  loss  of  weight  takes  place ;  the  loss  indicates  hygroscopic 
water ;  the  residue  is  introduced  into  a  tube  of  hard  glass,  to 
which  is  adapted  a  weighed  tube  containing  chloride  of  calcium ; 
the  powder  is  then  gradually  raised  to  a  low  red-heat,  the  com- 
bined water  is  thereby  expelled,  and  its  amount  determined  by 
the  increase  in  weight  of  the  chloride  of  calciiun  tube.  Some 
ores  (the  hydrated  hsmatites)  contain  as  much  as  12  per  cent. 
of  comlnned  water. 

(2.)  Su^huric  Acid  and  Sulphur, — From  30  to  50  grains  of  the 
ore  are  digested  with  hydrochloric  acid,  filtered,  and  washed. 
The  filtrate — concentrated,  if  necessary,  by  evaporation — is  pre- 
cipitated by  excess  of  chloride  of  barium.  The  insoluble  residue 
<m  the  filter  is  fused  in  a  platinum  or  gold  crucible  with  nitre  and 
carbonate  of  sodium ;  the  fused  mass  is  dissolved  in  hydrochloric 
add,  evaporated  to  dryness,  redissolved  in  dilute  hydrochloric 
acid|  filtnedi  and  precipitated  as  before  by  chloride  of  barium ; 
eTeiy  100  parts  of  the  sulphate  of  barium  produced  indicate  i3754 


Tiiiiii),  a(Mt'(l  "rradiially  in  small  quantities,  tiil  it  eituer 
colourlvNs  <ir  acquirtvs  a  pale  ^Te*'ii  colour,  indicatiiiL'"  that 
oxide  of  iron  originally  present  has  been  reduced  to  pi 
The  solution  ia  nearly  neutralized  with  carbonate  of  ami 
excess  of  acetate  of  ammonium  added,  and  the  liquid 
strong  solution  of  perchloride  of  iron  is  then  added,  drop 
until  the  precipitate  which  forms  has  a  distinct  red  colo' 
precipitate,  which  contains  all  the  phosphoric  acid  origim 
sent  in  the  ore^  is  collected  on  a  filter,  washed,  and  redisi 
hydrochloric  add,  tartaric  acid  added,  and  then  ammonia 
this  ammoniacal  solution  the   phosphoric  acid  is  fini 
cipitated  as  ammonio-magnesian  phosphate,  by  the  ad( 
chloride  of  ammonium,  sulphate  of  magnesium,  and  a 
The  precipitate  is  allowed  twenty-four  hours  to  suhsi( 
then  collected  on  a  filter ;  and  if  it  has  a  yellow  colour, 
almost  invariably  the  case,  it  is  redissolved  in  hydrochL 
and  more  tartaric  acid  being  added,  it  is  again  precipi 
ammonia.    loo  parts  of  the  ignited  pyrophosphate  of  mi 
correspond  to  64*3  parts  of  phosphoric  acid. 

(4.)  DetemunaHon  of  the  remaining  Constituents, — 
grains  of  the  finely-powdered  ore  are  digested  for  abou 
hour  with  strong  hydrochloric  acid,  diluted  with  boiling 
water,  and  filtered.  The  residue  on  the  filter  being  tl 
washed,  the  solution  is  peroxidized,  if  necessary,  by  the 
of  chlorate  of  potassium,  nearly  neutralized  by  ammoni 
with  excess  of  acetate  of  ammonium,  and  rapidly  filtered  i> 
the  filtrate  (which  should  be  colourless),  together  with  1 
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magnetia ;  the  former  is  precipitated  by  oxalate  of  amnKHiiuiny  and 
the  oxalate  of  calcium  formed  converted  by  ignition  into  cai^ 
bonate,  in  which  state  it  is  either  weighed  (having  been  previously 
evaporated  with  carbonate  of  ammonium)^  or  it  is  converted  into 
sulphate  by  the  addition  of  a  few  drops  of  sulphuric  acid,  evapora- 
tiouy  and  ignition.  The  lime  being  separated^  the  magnesia  is 
thrown  down  as  ammonio-magnesian  phosphate  by  phosphate  of 
sodium  and  ammonia ;  and  after  standing  for  twenty-four  hours  it 
is  collected  on  a  filter,  washed  with  cold  ammonia-water,  dried, 
ignited,  and  weighed.  100  parts  of  carbonate  of  calcium  correspond 
to  56-0  of  lime,  100  parts  of  sulphate  of  calcium  to  40*  i  of  lime,  and 
100  parts  of  pyrophosphate  of  magnesium  to  36*22  of  magnesia. 

The  red  precipitate  collected  on  the  filter  after  the  boiling 
with  acetate  of  ammonium  consists  of  the  basic  acetate  of  troit, 
and  perhaps  of  aluminium,  together  with  the  phosphoric  acid.  It  is 
dissolved  in  a  small  quantity  of  hydrochloric  acid,  and  then  boiled 
in  a  silver  or  platinum  basin  with  considerable  excess  of  pure  caustic 
potassa ;  the  alumina  (with  the  phosphoric  acid)  is  hereby  dis- 
solved, the  insoluble  portion  is  allowed  to  subside,  and  the  clear 
liquid  is  then  decanted,  after  which  the  residue  is  thrown  on  a 
filter  and  washed ;  the  filtrate  and  washings  are  supersaturated 
with  hydrochloric  acid,  nearly  neutralized  with  ammonia,  and  the 
alumina  finally  precipitated  by  carbonate  of  ammonium.  From 
the  weight  of  the  ignited  precipitate  the  corresponding  amount  of 
phosphoric  add,  determined  by  a  separate  operation,  is  to  be 
deducted ;  the  remainder  is  calculated  as  alumina.  The  residue 
left  after  digesting  the  ore  with  hydrochloric  acid  consists  prin- 
cipally of  tilica,  but  it  may  also  contain  alumma,  peroxide  of  u-on, 
lime,  magnesia,  and  potassa.  For  practical  purposes,  it  is  rarely 
necessary  to  submit  it  to  minute  examination;  should  such  be 
desired,  it  must  be  dried,  ignited,  and  weighed,  then  fused  in  a 
platinum  crucible  with  four  times  its  weight  of  mixed  alkaline 
carbonates,  the  fused  mass  dissolved  in  dilute  hydrochloric  add, 
and  evaporated  to  dryness,  the  residue  moistened  with  strong 
hydrochloric  acid;  and  after  standing  at  rest  for  some  houn, 
digested  with  hot  water,  filtered,  and  the  silica  on  the  filter  ignited 
and  weighed.  The  alumina,  lime,  oxide  of  iron,  and  magnesia  in 
the  filtrate,  are  separated  from  each  other  according  to  the  instruc" 
tions  given  above ;  the  potassa  is  estimated  by  a  distinct  process. 

(5.)  Carbonic  Acid, — This  add,  which  constitutes  a  con- 
siderable part  of  the  weight  of  that  large  and  important  class  of 
ores,  the  day  ironstones,  is  estimated  by  noting  the  loss  sustained 
after  adding  to  a  weighed  portion  of  liie  ore  sulphuric  add,  and 
thus  evolving  the  gas;  or  more  roughly,  by  the  loss  sustained  in 
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sopaiat''  ixTiion  of  tli'.'  ore,  eitl)er  by  tli»'  vnlumetric 
M  M'.(.ri;}:i  IK,  or  by  that  of  Dr.  Tenxy.  JJoth  give 
rt'suhs. 

(a.)    Marguerite^ 8  Method. — This  is  based  on  the 
action  of  the  salts  of  protoxide  of  iron  and  perma 
potassium,  whereby  a  quantity  of  the  latter  is  decompa 
proportionate  to  the  quantity  of  iron.     The  ore  (aboui 
grains)  is  dissolved  in  hydrochloric  acid^  and  the  metal 
the  minimum  of  oxidation  by  boiling  the  solution  with 
sodium  (or  better,  by  pure  metallic  zinc) ;  the  solution  o 
ganate  of  potassium  is  then  cautiously  added  drop  by  d 
the  pink  colour  appears,  and  the  number  of  divisioi 
burette  required  for  the  purpose  accurately  noted.     Th 
should  be  considerably  diluted,  and  there  must  be  a 
quantity  of  free  acid  present  to  keep  in  solution  the  pe 
iron  formed,  and  also  the  oxide  of  manganese.    The  wht 
iron  must  be  at  the  mmimum  of  oxidation,  and  the  ( 
sulphurous  acid  must  be  completely  expelled :  if  the  L 
caution  be  neglected  an  erroneous  result  will  be  obtaine 
sulphurous  acid  will  itself  take  oxygen  from  the  permang; 
and  thus  react  in  the  same  manner  as  iron. 

To  prepare  the  permanganate  of  potassium,  7  parts  of  c] 
potassium,  10  parts  of  hydrate  of  potassa,  and  8  parts  of  p< 
manganese,  are  intimately  mixed.  The  manganese  must 
finest  possible  powder,  and  the  potassa  having  been  die 
water,  is  mixed  with  the  other  substances,  dried,  and  tl 
heated  to  very  dull  rftdn»«»  *" ' 
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forte  wire  are  dissolved  in  pure  hydrochloric  acid;  after  the 
disengagement  of  hydrogen  has  ceased,  and  the  solution  is  com- 
plete, the  liquor  is  diluted  with  ahout  a  pint  of  water,  and  accurately 
divided  hy  measurement  into  two  equal  parts,  the  number  of 
burette  divisions  of  the  solution  of  permanganate  required  to 
produce  in  each  the  pink  colour  is  accurately  noted,  and  this  num- 
ber is  then  employed  to  reduce  into  weight  the  result  of  the 
analysis  of  an  ore.  A  useful  normal  liquor  is  made  by  dissolving 
100  grains  of  the  crystals  in  10,000  grains  of  water. 

(b.)  Penny^s  Method. — This  is  based  on  the  reciprocal  action  of 
chromic  acid  and  protoxide  of  iron,  whereby  a  transference  of  oxygen 
takes  place,  the  protoxide  of  iron  becoming  converted  into  peroxide, 
and  the  chromic  acid  into  sesquioxide  of  chromium*  The  process 
is  conducted  as  follows : — A  convenient  quantity  of  the  specimen 
is  reduced  to  coarse  powder,  and  one -half  at  least  of  this  is  still 
further  pulverized  until  it  is  no  longer  gritty  between  the  fingers. 
The  test-solution  of  bichromate  of  potassium  is  next  prepared;  444 
grains  of  this  salt,  in  tine  powder,  are  weighed  out,  and  put  into 
a  burette  graduated  into  100  equal  parts  ^  warm  distilled  water  is 
afterwards  poured  in  until  the  instrument  is  filled  to  o.  The  palm 
of  the  hand  is  then  securely  placed  on  the  top,  and  the  contents 
agitated,  by  repeatedly  inverting  the  instrument,  until  the  salt 
is  dissolved,  and  the  solution  rendered  of  uniform  density 
throughout.  Each  division  of  the  solution  thus  prepared  contains 
o'444  grain  of  bichromate,  which  Dr.  Penny  ascertained  to 
correspond  to  half  a  grain  of  metallic  iron.  The  bichromate  must 
be  pure,  and  should  be  thoroughly  dried  by  being  heated  to 
incipient  fusion.  100  grains  of  the  pulverized  ironstone  are  now 
introduced  into  a  Florence  flask,  with  i^  oz.  by  measure  of  strong 
hydrochloric  acid  and  ^  oz.  of  water :  heat  is  cautiously  applied, 
and  the  mixture  occasionally  agitated,  until  all  efiervescence 
caused  by  the  escape  of  carbonic  acid  ceases ;  the  heat  is  then 
increased,  and  the  mixture  made  to  boil,  and  kept  at  a  moderate 
ebullition  for  ten  minutes  or  a  quarter  of  an  hour ;  about  6  oz.  of 
water  are  next  added,  and  mixed  with  the  contents  of  the  flask, 
and  the  whole  filtered  into  an  evaporating-basin.  The  flask  is 
rinsed  several  times  with  water,  to  remove  all  adhering  solution, 
and  the  residue  on  the  filter  is  well  washed.  Several  small 
portions  of  a  weak  solution  of  redferricyanide  of  poUiuxum  (con- 
taining I  part  of  salt  to  40  of  water)  are  now  dropped  upon  a 
white  porcelain  slab,  which  is  conveniently  placed  for  testing  the 
solution  in  a  basin  during  the  next  operation.  The  prepared 
solution  of  bichromate  of  potassium  in  the  burette  is  then  added 
very  cautiously  to  the  solution  of  iron,  which  must  be  repeatedly 
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Btined,  and  as  hood  aa  it  OBsames  a  dark  greenish  shade  it  sbould 
be  occaeiimBlly  teated  witli  the  ferricyanide  :  this  may  earily  be 
done  by  taking  out  a  amtill  qunntit;  on  the  end  of  a  glass  rod  and 
miiiDg  it  with  a  drop  of  the  solution  on  tbe  porcelain  slnb. 
When  it  is  noticed  that  tho  last  drop  communicates  a  dialinct  blue 
tinge,  the  operation  ie  lerminftted ;  the  bnrott«  is  allowed  to  drain 
for  ft  few  minulea,  and  the  number  of  diviaionH  of  the  test  liquor 
conaumed  read  off.  This  number  multiplied  by  two  gives  tbe 
amount  of  iron  per  cent.  The  necessary  calculation  for  ascer- 
taining th(t  corresponding  quantity  of  protoxide  is  obvious.  If  the 
specimen  abould  contain  iron  in  the  form  of  peroxide,  tbe  hydro- 
chloric Bolution  is  deoxidized  by  sulphite  of  ammonium.  The 
presence  of  peroxide  of  iron  in  an  ore  is  easily  detected  by  dia- 
Holviag  30  or  40  grainE  in  hydrochloric  acid,  diluting  with  water, 
and  testing  a  portion  of  the  aohition  with  mdpho-cyanide  nf 
polasiiiim.  If  a  decided  blood-red  colour  U  produced,  peroxide  of 
iron  is  present.  If  it  be  desired  to  aBCertain  the  Telativo  propor- 
tions of  peroxide  and  protoxide  in  an  ore,  two  operations  must 
be  performed,  one  on  a  quantity  of  ore  that  has  been  dissolTed  in 
hydrochloric  acid  in  a  stout  closed  bottle,  or  in  a  Soak  through 
which  a  current  of  carbonic  acid  gas  is  maintjuned,  and  another 
on  a  second  quantity  that  baa  been  dissolved  aa  usual  and  thpii 
deoxidized  bv  gulyhite  nf  ammonium  or  by  pure  metnllic  zi 
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(i.)  Determinalion  of  the  iotai  Amount  of  Carbon. — ^About  loa 
grains  of  the  iron  in  small  pieces  are  digested^  at  a  moderate 
temperature,  in  6-oz.  measures  of  a  solution  formed  by  dissolving 
6  oz.  of  crystallized  sulphate  of  copper,  and  4  oz.  of  common 
salt  in  20  oz.  of  water  and  2  oz.  of  concentrated  hydrochloric 
acid.  The  action  is  allowed  to  proceed  until  all,  or  nearly  all,  the 
iron  is  dissolved.  Carbon  and  copper  are  left  insoluble ;  these  are 
collected  on  a  filter,  and  washed  first  with  dilute  hydrochloric 
acid  (to  prevent  the  precipitation  of  subchloride  of  copper),  then 
with  water,  then  with  dilute  caustic  potassa,  and  finJEdly  with 
boiling  water.  The  mixed  carbon  and  copper  are  dried  on  the 
filter,  from  which  they  are  easily  removed  by  a  knife-blade,  and 
are  mixed  with  oxide  of  copper,  and  burnt  in  a  combustion-tube 
in  the  usual  way,  with  a  current  of  air  or,  still  better,  of  oxygen. 
The  carbonic  acid  is  collected  in  Liebig's  apparatus,  and  from  its 
weight  the  amount  of  carbonic  is  calculated. 

(2.)  Oraphite^  or  Uncotfibined  Carbon, — A  weighed  portion  of 
the  finely  divided  iron  (filings  or  borings  may  be  used)  is  digested 
with  moderately  strong  hydrochloric  acid ;  the  combined  carbon 
is  evolved  m  combination  with  hydrogen,  while  the  graphite  is  left 
undissolved.  It  is  collected  on  a  filter,  washed,  and  then  boiled 
with  a  solution  of  caustic  potassa,  sp.  gr.  1*27,  in  a  silver  dish  ; 
the  silica  which  existed  in  the  form  of  silicon  is  hereby  dissolved ; 
the  clear  caustic  solution  drawn  off  by  a  pipe  or  siphon,  and  the 
black  residue  repeatedly  washed  ;  it  is  dried  at  as  high  a  tempera- 
ture as  it  will  bear,  and  weighed ;  it  is  then  heated  to  redness  in 
a  current  of  air,  until  the  whole  of  the  carbon  is  burnt  off.  A 
reddish  residue  generally  remains,  which  is  weighed,  and  the 
weight  deducted  from  that  of  the  original  black  residue^  the 
difference  gives  the  amount  of  graphite.  This  residue  frequently 
contains  titanic  acid. 

(3.)  Silicon. — The  amount  of  this  element  is  determined  by 
evaporating  to  dryness  a  hydrochloric  solution  of  a  weighed 
quantity  of  the  metal :  the  dry  residue  is  re-digested  with  hydro- 
chloric acid,  diluted  with  water,  boiled  and  filtered;  the 
insoluble  matter  on  the  filter  is  washed,  dried,  and  ignited,  until 
the  whole  of  the  carbon  is  burnt  ofi';  it  is  then  weighed,  after 
which  it  is  digested  with  solution  of  potassa,  and  the  residue,  if 
any,  washed,  dried,  ignited,  and  weighed :  the  difference 
between  the  two  weights  gives  the  amount  of  silicic  acid,  100 
parts  ot  which  indicate  47  parts  of  silicon. 

(4.)  Phosphorus. — A  weighed  portion  of  the  metal  is  digested 
in  nitro-hydrochloric  acid,  evaporated  to  dryness,  and  the  residue 
redigested  with  hydrochloric  acid.     The  solution  is  treated  pr^ 


.i  -Ml  11  Lion  01  acetiite  of  lead  iiciditied  by  acetic  acid  : 
tlie  whole  of  which  takes  the  form  of  iSulphurette 
enters  into  combination  with  the  lead,  forming  a  bl 
of  sulphide  of  lead,  which  is  collected,  washed,  i 
into  sulphate  of  lead^  by  digesting  it  with  nitric  aci 
to  dryness,   and  gently  igniting.     loo  parts  sulpb 
io'55  sulphur.    The  most  minute  quantity  of  sulpl 
detected  by  this  process.     If,  however,  crude  whiU 
examination,  this  method  does  not  give  satisfiictoi 
account  of  the  dif&colly  with  which  it  is  acted  up* 
chloric  acid ;  it  is  better,  therefore,  to  treat  the  meti 
hydrochloric  add,  evaporate  to  dryness,  redigest 
chloric  add,  and  then  predpitate  the  filtered  solutioi 
of  chloride  of  barium ;  or  the  finely  divided  metal  : 
in  a  gold  cmdble  with  an  equal  weight  of  pure  nitra 
and  twice  its  weight  of  pure  alkaline  carbonates ;  tb 
is  extracted  with  water  addified  with  hydrochlori 
finally  precipitated  by  chloride  of  barium.      M.  Nic 
de  Pharm.  et  de  Chimie  *)  suggests  the  use  of  pure  hr 
with  distilled  water  as  a  solvent  for  cast  iron  or  steel. 

(6.)  MangoMM, — This  metal  is  determined  by 
described  for  its  estimation  in  iron  ores ;  the  iron  m 
the  solution  in  the  form  of  sesquioxide. 

(7.)  Arumic  and  Copper. — The  nitro-hydrochloric 
the  metal  is  evaporated  to  dryness,  redigested  with  ! 
acid,  and  filtered.  The  iron  in  the  clear  solution  if 
protochloride  by  boiling  with  a  suffident  quantity  o 
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in  sulphide  of  potassium  by  dilute  sulphuric  add ;  it  may  bo 
redissolved  in  aqua-regia,  and  the  nitric  acid  having  been  expelled 
by  evaporation,  the  arsenic  may  be  reduced  in  Marsh's 
apparatus. 

(8.)  Nickel  and  Cobalt, — These  metals,  if  present,  will  be  found 
in  the  solution  from  which  the  copper  and  arsenic  have  been  pre- 
cipitated by  sulphuretted  hydrogen.  The  solution  is  perozidi^ed, 
and  the  sesquiozide  of  iron  precipitated  by  slight  excess  of  car- 
bonate of  buium,  after  which  the  nickel  and  cobalt  are  precipitated 
by  sulphide  of  ammonium. 

(9.)  Chratmmn  and  Vanadium, — ^These  metals,  which  should 
be  looked  for  in  the  carbonaceous  residue  obtained  by  dissolving 
a  large  quantity  of  the  iron  in  dilute  hydrochloric  or  sulphuric 
acid,  are  detected  as  follows  (Wohlek)  : — ^The  ignited  residue 
is  intimately  mixed  with  one-third  of  its  weight  of  nitre,  and 
exposed  for  an  hour  in  a  crucible  to  a  gentle  ignition.  When 
cool,  the  mass  is  powdered  and  boiled  with  water.  The  filtered 
solution  is  gradually  mixed  and  well  stirred  with  nitric  add, 
taking  care  that  it  may  still  remain  slightly  alkaline,  and  that  no 
nitrous  acid  is  liberated  which  would  reduce  the  vanadic  and 
chromic  adds.  The  solution  is  then  mixed  with  an  excess  of 
solution  of  chloride  of  barium  as  long  as  any  predpitate  is  pro- 
duced. The  precipitate,  which  consists  of  vanadate  and  chromate 
of  baryta,  is  decomposed  with  slight  excess  of  dilute  sulphuric 
add,  and  filtered.  The  filtrate  is  neutralised  with  ammonia, 
concentrated  by  evaporation,  and  a  fragment  of  chloride  of  am- 
monium placed  in  it.  In  proportion  as  the  solution  becomes 
saturated  with  chloride  of  ammonium,  vanadate  of  ammonium  is 
deposited  as  a  white  or  yellow  crystalline  powder.  To  test  for 
chromium  only,  the  mass  after  fusion  with  nitre  is  extracted  with 
water,  and  then  boiled  with  carbonate  of  ammonium ;  the  solution 
is  neutralized  with  acetic  acid,  and  then  acetate  of  lead  added : 
the  production  of  a  yellow  precipitate  indicates  chromic  acid. 

(10.)  Aluminum, — This  metal  is  best  separated  from  iron  by 
first  reducing  the  latter  to  the  state  of  protoxide  by  sulphite  of 
ammonium,  then  neutralizing  with  carbonate  of  sodium,  and  after- 
wards boiling  with  excess  of  caustic  potassa  until  the  precipitate 
is  black  and  pulverulent.  The  solution  is  then  filtered  off,  slightly 
addulated  with  hydrochloric  acid,  and  the  alumina  predpitated 
by  sulphide  of  ammonium. 

(11.)  Calcium  and  Magnesium, — These  metals  are  foimd  in  the 
solution  from  which  the  iron  and  aluminum  have  been  separated ; 
they  both  exist  probably  (together  with  the  aluminum)  in  the 
cast-iron  in  the  form  of  staff,  and  are  best  detected  in  tiie  black 
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re^due  wbich  is  left  on  diEaol-viag  the  iron  in  dilute  eulphuric  or 
bydrochloiic  Bcid.  After  digesting  this  residue  with  caustic 
potasBO,  iitid  burning  away  tlie  gr^'pl'''^-  ^  small  qmulit;  of  r<>d 
ponder  is  left,  wliich  is  composed  of  siltcic  acid,  oxide  of  iron, 
aluminn,  lime,  luagDe^ia,  nud  perhaps  titaoic  acid ;  it  500  gtaiaa 
of  caat-iron  are  operated  upon,  a  eufficient  quantity  of  insoluble 
residue  will  he  obtained  for  h  quaotitBtive  detenninatinu  of  its 
constituents.  Moderately  ntrotig  acid  should  he  used,  nnd  no  heat 
applied ;  it  should  be  allowed  to  act  od  the  iron  for  about  a  weeli, 
being  repeatedly  agitated, 

(ii.)  SetermiaatioH  of  Carbon  in  Cad-Iron  and  Sltel. — About 
100  graine  of  the  steel  in  small  pieces  are  digested  iu  6-oz.  mea- 
sures of  a  solution  of  chloride  of  copper  made  by  mixing  6  oj.  of 
crystallized  sulphate  of  copper,  end  4  oz.  of  chloride  of  sodium 
with  10  oz.  of  water,  and  2  0£.  of  concentrated  hydrochloric  acid. 
The  mixture  is  warmed  only,  not  heated  so  na  to  evolve  hydrogen. 
The  action  is  allowed  to  proceed  uotil  all,  or  nearly  all,  of  the  steel 
is  dissolved.  Tlie  residue,  consisting  of  carbon  and  metallic  copper, 
is  collected  on  a  filter  and  washed  with  dilute  hydrochloric  add 
to  prevent  tha  precipitation  of  aubchloride  of  copper,  then  with 
water,  then  with  dilute  caustic  potnesa,  to  ensure  the  removal  of 
all  the  acid,  and  liunlly  with  water  ;  it  is  then  dried.  The  carbon 
and  copper  are  easily  remoTed  firoio  the  tilter  by  the  blade  of  a 
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the  calf  and  of  the  sheep ;  this  spurious  article  may  be  recognised^ 
because  it  does  not  exhibit  the  shining  appearance  before  alluded 
to  when  held  before  the  light,  and  because,  although  inodorous,  it 
has  a  saltish  flavour,  and  is  generally  in  thinner  pieces  than  the 
genuine  isinglass.  K  it  be  torn  asunder,  it  will  be  observed  that 
it  may  be  rent  in  all  directions,  whilst  genuine  isinglass  cannot  be 
divided  otherwise  than  in  the  direction  of  its  fibres.  If  a  piece  of 
artificial  isinglass  be  macerated  in  water,  it  swells ;  but  instead  of 
retaining  its  shape,  as  is  the  case  with  genuine  isinglass,  it  be- 
comes divided  into  small  pieces,  forming  a  sort  of  curdy  pre- 
cipitate ;  and  if  treated  with  boiling  water,  about  one-third  of  its 
weight  is  left  in  an  insoluble  state,  and  the  liquor  does  not  form 
a  good  jelly. 

Xfi&P  (Sritlsla  Barilla). — Kelp,  or  British  barilla,  is  an 
alkali  still  more  impure  than  barilla ;  it  is  obtained  in  this  country 
by  burning  various  sea- weeds,  and  seldom  contains  more  than  from 
2  to  5  per  cent,  of  real  soda.  The  manufacture  of  kelp  is  carried 
on  to  a  large  extent  in  Glasgow  for  the  utilization  of  the  potassium 
salts  which  it  yields. 

BOTrBS-WZOXBXi  (Amenliiret  of  Vlokel).— This  mineral 
is  the  most  abundant  of  the  ores  of  nickel.  It  has  a  reddish 
colour,  somewhat  like  copper,  but  it  contains  no  copper.  It  is 
insoluble  in  hydrochloric  acid,  but  it  readily  dissolves  in  nitric 
acid,  and  in  aqua  regia.  Roasting  transforms  it  into  basic  arseniate 
of  nickel  of  a  green  colour.  The  constituents  of  this  mineral  are 
as  follows : — 
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Sulphur  . 

0:40 

o'8o 

a'oo 

2*13 

Gangue  o'ao 

«  99;S7 
Stromeyer 

Ffa^ 

Berthier 

XOO'OO 

Ebelmen 

AnalysUi  of  B:apfer-iilolLel(£BELMSN). — ^The  purified  mineral 
is  treated  with  aqua  regia.  The  sulphuric  add  is  precipitated  by 
chloride  of  barium,  and  the  excess  of  barium  being  removed  by 
sulphuric  acid,  the  arsenic  acid  is  converted  into  arsenious  acid  by 
ebullition  with  sulphurous  acid,  and  then  precipitated  by  sul- 
phuretted hydrogen.    The  sulphide  of  arsemc  obtained  is,  after 
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drvinfr  (Lod  Treiphing,  decompoted  by  fiquk  regia,  to  obtain  tbe 
aulphur.  Tht)  liquor  freed  from  sulphide  of  STsenic  is  coQceo- 
tnited  with  the  aUditiou  of  nitric  uad,  sad  is  piedpitated  bj 
r\<w»  of  animrinia;  aa  abimdiiDt  precipitate  of  peroxide  of  iron 
Ih  fiiruied,  nliich  fteneralLj  retains  a  little  nickel.  It  is  le- 
ili^Mlved  (in  llie  iilter  by  hydrocbloric  add,  and  the  liquor  treated 
cold  with  carbonate  of  bfuium.  The  peroxide  of  iron  alone  ia 
precipiiati'd  ;  the  carbonate  of  barium  with  which  it  was  mixed  ia 
rendilr  eepnnit^d.  The  liquor  containing  the  nickel  is  treated 
with  sulphuric  acid,  and  after  filtration  is  added  to  the  ammoniacat 
solution  of  the  rest  of  the  nickel :  this  ia  precipitated  by  excess  of 
potnfiHi,  and,  after  drying;'  and  calcining,  is  neighed ;  ita  quantity 
indicates  that  of  the  metallic  nickel.  The  ammoniacal  liquor, 
afterwards  treated  with  hydrosulphate  of  ammoniimi,  aometimea 
yields  a  black  precipitate,  which,  collected,  calcined,  and  weighed, 
gives  with  borax  the  reaction  of  cobalt,  ('  Annalea  dea  Miues,' 
toraexi.p.C«.) 

&&0  DTa. — Lac  dye  is  a  red  colouring  matter  extracted 
from  stick  lac  in  various  ways.  The  best  is  manufactured  from 
tbe  stick  lac  of  Siam  and  of  Pegu.  It  is  in  pieces  about  2j  or  .3 
inches  square,  and  half  an  inch  thick,  of  a  dark  purple  colour. 
The  best  is  marked  D  T,  the  second  J  Mc  R,  tbe  third  C  E ;  but 
as  the^  marks  are  imitated,  it  is  much  better  not  to  rely  upon 
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cloth  or  of  flannel,  previously  weighed.  Weigh  off  5  grains  of 
the  lac  dye,  and  pulverize  it  in  a  Wedgewood  mortar  with  the  5 
grains  (by  measure)  of  chloride  of  tin,  and  pour  the  whole  into  the 
hot  liquor  containing  the  argol  and  the  cloth,  taking  care  to  rinse 
the  mortar  with  a  little  of  the  hot  liquor ;  keep  the  whole  boiling 
for  at  least  one  quarter  of  an  hour,  or  even  half  an  hour,  stir- 
ring the  cloth  or  flannel  about  by  means  of  a  glass  or  wooden 
stirrer.  At  the  end  of  that  time  the  cloth  should  be  withdrawn^ 
washed  in  cold  water,  and  then  dried. 

:lao  lUkMM* — Lac  lake  is  a  colouring  matter  obtained  from 
the  stick  lac,  l|§t  is  much  inferior  to  lac  dye.  The  process  for 
estimating  its  strength,  and  consequently  its  commercial  value,  is 
the  same  as  described  for  Lac  dye. 

&BAJ>  OXUBS.    See  Galena. 

3U1IIS8TOVB8,  AVA&TSZS  OF.— The  importance  of  these 
minerals  in  agriculture  and  in  the  arts  renders  the  determination 
of  their  general  composition  a  matter  of  frequent  occurrence  to  the 
practical  chemist.  The  following  is  the  method  of  procedure  : — 
Dissolve  100  grains  of  the  specimen  (which  should  be  well 
selected  and  averaged)  in  dilute  hydrochloric  acid,  and  evaporate 
the  solution  to  dryness  on  the  sand-bath ;  moisten  the  residue 
with  hydrochloric  acid,  let  it  stand  for  h(df  an  hour,  then  add 
boiling  distilled  water,  and  Alter  through  a  filter  which  has  been 
previously  dried  at[2i2^  in  the  water-oven,  and  weighed ;  wash  on 
the  filter  till  the  wash  water  passes  through  tasteless,  then  return 
the  filter  with  its  contents  to  the  water-oven,  and  dry,  until  it 
ceases  to  lose  weight.  The  increase  in  weight  is  the  sUicic  addf 
sandy  insoluble  clay,  and  (perhaps  also)  organic  matter  in  100  grains 
of  the  limestone.  It  is  rarely  necessary  to  do  more  than  deter- 
mine the  total  amount  of  silicic  acid  in  this  insoluble  residue, 
which  is  done  by  fusing  it  in  a  platinum  crucible  with  four  times 
its  weight  of  mixed  carbonates  of  potassium  and  sodium,  and 
evaporating  the  fused  mass  carefully  to  dryness  with  excess 
of  hydrochloric  acid ;  when  perfectly  dry  it  is  allowed  to  cool, 
then  moistened  with  strong  hydrochloric,  boiled  up  with  water, 
and  filtered ;  the  residue  on  the  filter  is  pure  nlicic  acid ;  it  is  well 
washed  with  boiling  distilled  water,  dried,  and  ignited  in  a 
platinum  crucible.  The  crucible  should  be  weighed  with  its 
cover  on,  as  silicic  acid  is  apt  to  take  water  from  the  air.  In  the 
great  majority  of  cases  it  is  sufficient  to  determine  the  weight  only 
of  the  ignited  residue  of  a  limestone,  insoluble  in  hydrochloric 
acid,  without  submitting  it  to  analysis.  The  filtrate  from  the  in- 
soluble residue,  with  the  washings,  is  divided  accurately  into  three 
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equal  parte,  each  parr  representing  otte-third  of  loo  grains  of  the 
limestone.  One  pnrt  ie  mixed  in  a  flask  with  a  little  concentrated 
nitric  acid,  or  ehlorine  wiiter,  to  perozidiie  any  iron  that  ma;  be 

present,  heated  nenrlj  to  boiling  for  some  time,  and  then  allowed 
to  cool ;  it  is  now  tmnsferrad  to  a  beaker  or  other  conTenient 
veuel  that  admits  of  being  covered  with  n  glass  plate,  and 
ammonia  added  in  slight  excess ;  the  precipitate  which  falls  \a 
alumina  (with  n  Kltle  silicic  acid)  and  perhaps  4aqiiio.ntir  of  iron 
and  oxide  of  mangmie** ;  it  is  collected  on  a  filler,  washed,  dried, 
limited,  and  weighed.  Except  for  scientific  (geological)  objects, 
it  id  rareij  Decessar;  to  submit  this  precipitate  4o  analysis.  In 
the  filtrate  from  the  predpitate  b;  ammonia,  the  lioir  and 
"lagnetia  are  determined  in  the  usual  manner.  In  order  to  deter- 
mine the  total  amount  of  carbonic  acid,  the  excellent  method  pro- 
posed by  SchatTgottsch  may  be  followed.  A  known  weight  of  the 
limestone  is  heated  intensely  in  a  planum  crucible,  with  four 
times  ite  weight  of  recently  fused  bora.r ;  the  loss  of  weight  when 
cold  indicates  the  amount  of  carbonic  acid,  pluf  the  ii'nter,  which 
the  limestone  may  contain.  The  amount  of  the  latter  is  deter- 
mined with  sufficient  accuracy  for  all  practical  purposes  by  keep- 
ing loograinsoftbe  mineral  in  the  air-bath  honied  lo  300°,  until  iu 
weight  is  perfectly  constant ;  or  the  carbonic  acid  may  be  del(?rmined 
fighed  quantity  of  thn  limestone  finnly  pulverited,  by  the 
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the  whole  apparatus  is  accurately  weighed.  Great  care  must  he 
taken  that  none  of  the  acid  in  the  tube  comes  into  contact  with 
the  carbonate  before  the  operation  is  commenced.  Everything 
being  ready,  the  flask  is  inclined  so  as  to  allow  a  portion  of  the 
acid  to  flow  out  of  the  tube;  efi^ervescence  immediately  takes 
place,  carbonic  acid  is  expelled,  and  escapes  through  the  oriflce  of 
the  chloride  of  calcium  tube,  being  thoroughly  dried  during  its 
passage  through  the  lime  salt.  As  soon  as  the  eflervescence  has 
ceased,  a  fresh  portion  of  acid  is  caused  to  flow  out  of  the  tube, 
and  the  operation  is  repeated  until  no  further  escape  of  carbonic 
acid  gas  is  perceived. 

The  flask  is  now  placed  in  a  vessel  of  boiling  water,  where  it  is 
allowed  to  remain  for  some  time  in  order  to  expel  all  the  carbonic 
acid  in  the  liquor,  and  in  the  upper  part  of  the  flask,  aqueous 
vapour  is  prevented  from  escaping  by  the  chloride  of  calcium.  On 
cooling,  atmospheric  air  finds  its  way  into  the  flask,  which  is  thus 
brought  to  the  same  condition  it  was  in  previous  to  commencing 
the  experiment.  It  is  now  weighed ;  the  loss  of  weight  indicates 
the  amount  of  carbonic  acid.  It  will  be  understood  that  for 
mineralogical  purposes,  the  residue  insoluble  in  hydrochloric  acid 
and  the  precipitate  by  ammonia  must  be  submitted  to  minute 
analysis.  If  the  limestone  be  intended  to  be  used  as  a  flux  (in 
the  iron  blast-furnace,  for  example)  it  may  be  necessary  to  examine 
the  residue  insoluble  in  hydrochloric  acid  for  pyrites ;  a  portion  of 
it  should  be  fused  with  a  mixture  of  carbonate  of  sodium  and 
nitr&te  of  potassium ;  the  fused  mass  digested  with  dilute  hydro- 
chloric acid,  and  evaporated  to  perfect  dryness ;  the  dry  residue 
moistened  with  a  few  drops  of  hydrochloric  acid,  then  diluted  with 
distilled  water,  filtered,  and  the  sulphuric  acid  in  the  filtrate  deter- 
mined as  sulphate  of  barium  by  the  addition  of  chloride  of  barium. 

Xizvior.    See  CoTToy. 

&ZV8BSI>  MBA&.  —  The  linseed  meal  of  commerce  is 
frequently  adulterated  with  bran,  sawdust,  clay,  &c.  According  to 
SouB£RAi27,  the  presence  of  bran,  which  is  the  substance  most 
ordinarily  employed  for  adulterating  it,  may  be  detected  by  means 
of  a  solution  of  iodine,  which  produces  the  characteristic  blue 
colour.  But  it  must  be  remembered  that  pure  linseed  contains  a 
small  quantity  of  starch,  and  that  it  often  accidentally  contains 
also  small  grains  of  com  which,  unless  indeed  the  blue  colour 
produced  by  iodine  is  very  deep,  might  easily  lead  into  error. 
The  best  method  consists  in  exhausting  the  meal  with  ether,  and 
evaporating  the  ether.  Good  and  pure  linseed  meal  should  thus 
yield  53  per  cent,  of  oil. 
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KIQVIIVRS.    Set  BiAyc  Makqe. 

KXTHAJtan  (rrotoxlde  of  Kend). — Lithu^e  (protnxide  of 
lend)  is  known  rIbo  under  ihe  Dame  of  mauii.i>t,  wlien  it  Las  not 
undergone  futiun  ;  after  fusion  it  is  nlwajii  called  litharge. 

Cumraorcial  lithwge,  especialiy  that  which  is  foreign,  such  as 
that  of  Hamburg,  contains  aomptimea  &  conaidemblo  proportion 
of  o.xiilc  of  cupper  and  of  inm,  sometimea  also  a  little  gilter  and 

Litharge  ib  sometimes  met  with  ia  coherent  mftsses,  of  a  yel- 
lowish colour,  in  which  case  it  is  sometimea  called  Uthnrge  of 
ritcet;  at  other  times  it  consists  of  a  multitude  of  lieautiful  senii- 
transparent  spangles,  of  a  reddish  colour,  in  which  case  it  \%  called 
litharge  of  i/oUl,  Hud  often  contains  a  certain  quaotitir  of  minium 
(red  lead). 

As  litharge  slowly  absorbs  the  carbonic  acid  of  the  sir,  it 
generftllj  efferreaces  when  tiented  hj  acids,  and  this  ofterveacence 
ia  stronger  in  proportion  to  its  age. 

The  best  solrent  of  litharge  ie  nitric  or  tuxtic  acid.  When 
these  acids  fail  in  dissolving  it  completelv,  it  is  a  proof  that  it  ia 
not  pure.  The  principal  impurity  geaeraUy  is  silica,  which  thus 
remaining  undissolved,  may  at  once  be  estimated  by  weighing,  of 
e  after  drying  it. 
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porcelain  capsule.  The  whole  is  then  evf^orated  to  dryness,  and 
the  sulphate  of  copper  produced  is  separated  from  the  sulphate  of 
lead  bj  treating  the  slightly  ignited  residuum  with  water,  which 
redissolves  the  sulphate  of  popper.  The  sulphate  of  lead  left  in 
an  insoluble  state  should  be  moderately  heated  until  acid  vapours 
cease  to  be  disengaged ;  it  is  then  ignited  and  weighed.  1 50  grains 
of  sulphate  of  lead  contain  104  of  lead,  or  1 1 2  of  protoxide  of  lead ; 
or,  decimally,  each  grain  of  sulphate  of  lead  contains  073563 
grain  of  protoxide  of  lead,  or  0682  87  grain  of  lead. 

The  presence  of  copper  may  be  ascertained  in  the  filtered 
solution  by  ammonia,  which  will  produce  a  blue  colour ;  or  better 
still,  by  ferrocyanide  of  potassium,  which  will  produce  a  reddish- 
brown  precipitate.  If  so,  the  copper  may  now  be  precipitated 
from  the  liquor  filtered  from  the  sulphate  of  lead,  in  the  manner 
described  in  the  article  on  Sulphate  of  Copper,  by  means  of  a  solu- 
tion of  potash. 

The  liquor  filtered  fr^m  the  sulphide  of  lead  and  copper  should 
be  boiled  to  expel  the  sulphuretted  hydrogen,  and  then  with  a 
few  grains  of  chlorate  of  potassium ;  an  excess  of  ammonia  is 
then  added,  which  will  precipitate  the  peroxide  of  iron,  which  is 
collected  on  a  filter,  washed,  dried,  ignited,  and  weighed. 

&OZBirOB8.    See  Blakc  Makge. 

aCABBSR. — Madder  is  the  root  of  a  plant  (Rubia  tmctorum), 
of  which  there  are  several  species.  • 

Levant  madder  occurs  in  commerce  in  pieces  externally  brown, 
and  internally  of  a  pale  orange  yellow  colour ;  the  roots  ordinarily 
sold  in  shops  belong  to  this  species. 

Dutch  and  Zealand  madder  is  also  very  much  in  request ;  the 
roots  are  generally  met  with  in  the  pulverized  state,  because  they 
are  ground  for  importation. 

Avignon  or  French  madder  is  imported  both  whole  and 
ground. 

Munjeet  is  a  species  of  madder  imported  from  East  India. 

Madder  is  sometimes  called  dlizari,  which  is  the  name  given  to 
all  kinds  of  unground  madder.  Gamene  madder  (garance  rob^)  is 
madder  which  has  been  dried  and  ground  without  removing  the 
outer  pellicle.  Kor,  krupsy  or  crops,  grappe,  is  ground  madder, 
from  which  the  outer  pellicle  has  been  removed.  MuU  madder 
is  the  worst  kind  of  madder,  and  consists  of  the  pieces  which 
have  been  separated  by  fanning  or  sifting,  and  pidverizing  the 
smaller  roots  of  the  other  kinds;  it  is  suitable  only  for  the 
darker  reds. 


{2  UADDEB. 

Af^cording  to  Bucholz,  the   coustituenU  of  madder  e 


Resinous  red  colouring  matter      .        .        .  i"2 

Eitraetive  ditto 390 

BeddiBh-brown  Bub^tance  soluble  in  alcohol  1'9 

I'ungent  eitractive 06 

Gumtnj  msttet 9'o 

Woody  fibre SI'S 

Matter  soluble  in  potash       ....  4'6 

Salts  of  lime  with  colouring  matter      .         .  I'S 

"Wilier ti-o 


According  to  M.  Ed.  K<£c&lik,  mftdder-root,  in  the  frashstAte, 
innisU  of— 

r  a    L  f  water  .    JVSi 

'"J'""'"""-  idr;m.ller        .il-» 

,  ,     .,  ( water         ,         .      i'OS 
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with  about  100  or  150  times  its  weight  of  water.  The  madder 
remains  suspended  in  the  liquid,  and  by  decanting  it  with  suitable 
care,  again  adding  water,  stirring,  and  decanting  again  and  again 
several  times,  nearly  the  whole  of  the  earthy  impurities  may  be 
separated.  It  is  better,  however,  to  incinerate  a  given  weight  of 
the  madder  under  examination,  and  to  compare  the  weight  of  the 
ashes  thus  obtained  with  those  which  are  left  when  genuine  madder 
of  the  same  description  is  submitted  to  the  same  ordeal. 

According  to  Messrs.  Girardin  and  Hotttott  la  BiLLARDikRB, 
genuine  madder,  perfectly  dried,  at  212®  Fahr.,  and  from  which 
the  epidermis  and  all  earthy  matter  has  been  removed,  leaves  on 
an  average  5  per  cent  of  ashes.  The  madder  of  Provence,  with 
its  epidermis,  yields  8*80  per  cent,  of  ashes. 

The  estimation  of  saivdustj  bran,  and  other  such  organic  matter, 
is  more  ditficult,  and  the  best  way  is  to  ascertain  the  tinctorial 
power  of  the  sample  under  examination.  This,  according  to 
HoBiQUET  and  CoLLnr,  may  be  done  in  the  following  manner : — 
Dry  the  sample  or  samples  at  a  steam-heat;  take  25  grammes 
(about  400  grains)  of  each  sample,  and  treat  them  by  200  or  250 
grammes  (about  3  or  4,ocx}  grains-measure)  of  water,  the  tempera- 
ture of  which  should  not  exceed  20®  Cent.  (68®  Fahr.),  for  other- 
wise a  portion  of  the  red  colouring  matter  would  be  dissolved. 
The  whole,  after  having  been  left  in  contact  for  about  three  hours, 
is  thrown  upon  a  filter,  the  insoluble  portion  is  washed  with  200 
or  250  grammes  (3  or  4,ocx}  grains-measure)  of  cold  water,  after 
which  it  is  dried  at  a  steam-heat,  and  weighed. 

One  part  of  the  insoluble  matter  is  then  put  into  a  small  glass 
balloon,  with  40  parts  of  water  and  8  parts  of  alum ;  the  whole  is 
heated,  and  after  boiling  for  a  quarter  of  an  hour  the  liquor  is 
filtered  whilst  in  the  boiling  state.  The  insoluble  portion  is  again 
washed,  as  before,  and  the  filtrate  from  the  various  samples  is 
precipitated  by  sulphuric  acid.  The  weight  of  the  precipitate  so 
produced  in  each  liquor  represents  the  proportion  of  colouring 
matter  contained  in  them. 

This  process  is  based  upon  the  insolubility  of  alizarine  in  cold 
water,  whilst  the  boiling  solution  of  alum  dissolves  it  alL  Chbv- 
REUL,  however,  says  that  a  portion  remains  undissolved. 

Meill^^s  Process, — Take  20  litres  of  water  (about  4^  gallons) 
heated  to  60®  Cent.  (140°  Fahr.),  and  dissolve  therein  2  kilogrammes 
(about  4|  lbs.)  of  alum ;  add  thereto  10  kilogrammes  (about  22  lbs.) 
of  madder ;  bring  the  whole  gradually  to  the  boiling  point,  and 
keep  it  boiling  for  half  an  hour.  The  decoction  is  then  thrown 
upon  a  cloth  filter,  and  strongly  squeezed  thereon ;  after  having 
repeated  this  treatment  three  times,  the  madder  is  exhausted. 
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The  Titrious  Gltratas  are  mixed  togiretber  Mid  left  tt  TMt  for  > 
while,  the  deur  [HirtioD  is  decuited,  uid  before  it  has  completely 
cooled  the  opermtor  poius  into  it  61;  gmnmee  (abont  10,000 
gTaioB-ineasure)  of  Bulphoric  acid  of  ap.  gr.  i'84S,  diluted  with 
twice  its  balk  of  water,  laldo^  ctxe  to  Etir  the  liquor  iocetaaallj 
whilst  pouring  the  acid.  Thick  reddish  flake«  are  predpiUIed, 
which  Tfiiy  soon  settle  at  the  bottotn,  sod  the  liquor  from  purple- 
red  becnmea  greenish -yellow.  The  supemataot  liquor  ia  then 
decanted,  the  residuum  ie  wubed  Kveml  time*,  and  tt  mass  is  left 
which,  sfter  drying  in  the  »ir,  u  xa  the  state  of  shining  scales  of 
a  reddish-browD  colour;  it  ia  nfisaniw,  hut  not  quite  pure.  The 
precipitate,  whilst  still  moist,  should  be  heated  with  one  ftud  a  half 
its  weight  of  carbonate  of  potMcaum  disaolved  in  1  z  or  1 5  times 
its  bulk  of  water ;  tbe  carbonate  of  potasMom  ia  then  ealurat«id  by 
sulphuric  acid,  which  prodncea  a  precipitate  of  a  fine  red  colour, 
which,  Rccordinff  to  M.  Meillkt,  is  pure  alixarine.  The  madder 
from  Avignon,  when  submitted  to  thia  treatment,  yields  2  or  2^ 
per  cent,  of  aliiarine:  but  it  is  neceiisary  in  auch  trials  to  iMmpare 
the  result  obtained  with  that  given  by  madders  of  the  »me  kind 
and  name,  which  are  known  to  he  genuine. 

Madder  may  ftl*o  be  tried  by  HocTor  Li  Billikdi  j:ke's  colori- 
nieler.  (This  instrument  has  been  described  in  the  article  no  Indigo. ) 
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But  as  madder  is  often  adulterated  with  pulverized  dye-woods, 
such  as  log-woody  Brazil-wood,  &c.,  other  trials  should  be  nmul- 
taneously  resorted  to.  They  consist  in  dyeing  with  a  given  weight 
of  pulverized  madder,  known  to  be  of  superior  quality,  a  certain 
quantity  of  cotton  prepared  with  different  mordants.  The  pieces 
of  calico  employed  for  the  experiment  should  all  be  of  equal 
weight,  and  about  two-and-a-half  or  three  inches  square,  and  they 
should  be  dyed  with  increasing  proportions  of  pulverized  madder, 
from  10  grains  to  150  grains;  a  scale  of  intensity  of  colour  is  thus 
prepared  with  each  mordant,  the  degrees  of  which  scale  correspond 
to  a  known  weight  of  the  madder  taken  as  type. 

The  dyeing  miist  be  performed  with  care  as  follows  : — Take  a 
suitable  number  of  wide-mouthed  flasks,  and  put  them  into  a  pan 
placed  over  a  naked  fire,  and  containing  water  at  100^  or  104® 
Fahr.  Pour  into  each  of  the  flasks  i^  pint  of  distilled  water, 
also  a  piece  of  the  mordanted  piece  of  calico,  and  the  quantity  of 
ni adder  required.  Put  a  thermometer  into  the  pan,  which  should 
now  be  carefully  heated,  avoiding  variations  of  temperature,  and  in 
8uch  a  way  that  an  hour  and  a  half  may  elapse  before  the  bath 
attains  167^  Fabr.  Haise  then  the  temperature  to  the  boiling 
point  for  half  an  hour.  The  samples  of  calico  are  then  withdrawn, 
rinsed  with  cold  water,  and  dried. 

The  dyed  pieces  of  calico  are  then  divided  into  two  equal 
portions ;  one  half  is  preserved  in  that  state,  the  other  half  is  im- 
mersed for  half  an  hour  at  106°  Fahr.,  in  a  solution  of  soap,  con- 
sisting of  25  grains  of  white  curd  soap,  and  i^  pint  of  water ;  the 
tissue  is  then  withdrawn,  rinsed  with  cold  water,  and  returned 
to  a  soap-bath  prepared  as  the  above,  but  to  which  8  grains  of 
chloride  of  tin  have  been  added.  Thb  bath  is  kept  boiling  for 
half  an  hour.  The  piece  of  calico  should  be  carefully  rinsed,  dried, 
and  kept  sheltered  from  the  light. 

After  having  prepared  a  scale  of  colours  as  above  directed,  it 
i<3  suflicient  afterwards,  in  order  to  determine  the  value  of  a  sample 
of  madder,  to  dye  pieces  of  calico  of  the  same  description  with 
known  weights  of  the  madder  under  examination,  and  this  value, 
compared  with  that  taken  as  type,  is  then  easily  determined. 

Instead  of  pieces  of  calico,  skeins  may  be  employed  weighing 
1 50  grains,  for  which  from  300  to  450  or  500  grains  of  pulverized 
madder  are  used  to  form  a  scale  of  ten  colours. 

Alizarine  or  garancine  may  be  tested  in  the  same  manner. 

MAOnsZA  (Caloined  MairiieBia).  —  Magnesia  is  the 
oxide  of  a  metal  called  magnesium ;  when  pure  it  is  white,  pul- 
verulent, very  light,  soft  to  the  touch,  and  odourless ;  its  specific 
gravity  is  2*3. 
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The  mfifniesia  which  occim  Id  commerce  b  often  itdullemted 
to  a  considerable  ext«Dt  with  Kme,  alumina,  and  lilica :  sonietimea 
nUo  it  coDtains  carbonate  of  moffn^am,  which  latter  substance  'i» 
ortun  altogether  substituted  for  calcined  magnesia. 

Pure  magnesia,  however,  ahould  nol  produce  uny  efferTescenc« 
wheo  treated  by  an  acid ;  for  esatnple,  hydrochloric  acid.  If  it 
elierteBces,  it  is  a  proof  of  CBrele«e  preparation,  the  whole  of  the 
carbonic  ncid  not  hsvinir  been  expelled,  or  of  adulteration  with 
some  other  carl)onnte.  The  acid  employed  for  the  purpose  should 
be  diluted  with  waler  before  pouring  it  upon  the  mapnesta,  which 
should  be  dissolved  thereby  without  Hnj  residue  whatever;  all 
that  which  nay  remain  undissolved  is  an  imparity.  It  »ometime« 
happens,  however,  that  a  reddue  is  apparently  left  though  the 
magnesia  may  be  quite  pure ;  thia  occurs  when  the  beat  employed 
in  calctning  the  magnesia  has  been  loo  strong,  or  protracted  for 
too  long  B  time,  in  nhich  ease  it  dissolves  entirely  in  acids,  but  ii 
lakes  a  long  time. 

If  the  clear  solution  containing  an  eicess  of  acid  produces  a 
nhite  fioculent  precipitate,  insoluble  in  solatioo  of  sal  ammoniac, 
it  ii  aimiuna,  which  should  be  rapidly  filtered ;  and  if  the  liquor 
hltered  therefrom,  being  tested  by  oiakte  of  ammonium,  produces 
I  precipitate,  it  is  o^aiate  of  calcium,  and,  of  course,  the  magnesia 


MAGNESIA.  237 

and  of  common  salt  The  best  is  that  obtained  bj  precipitating 
a  solution  of  sulphate  of  magnesium  by  one  of  carbonate  of  potash 
or  of  soda. 

The  presence  of  carbonate  of  calcium  is  detected  hj  dissolving 
a  portion  of  the  carbonate  of  magnesium  under  examination  in 
hydrochloric  acid,  filtering,  saturating  the  excess  of  acid  with 
aqueous  solution  of  ammonia,  and  then  adding  a  solution  of  oxalate 
of  ammonium,  which  will  then  produce  a  precipitate  of  oxalate  of 
calcium.  The  precipitate  should  be  rapidly  collected  on  a  filter, 
washed,  and  calcined  in  a  platinum  crucible ;  the  weight  is  that 
of  the  carbonate  of  calcium  contained  in  the  substance. 

Bnlpliate  of  BKaflmesiaa  (Epsotn  Salts,  Seidlitz  Salts.) — I. 
Sulphate  of  magnesium  is  a  combination  of  sulphuric  acid  and 
magnesia,  which  is  met  with  in  commerce  in  rectangular  four-sided 
piismatic  crystals,  or  in  masses  composed  of  a  great  number  of 
small  needles,  white,  inodorous,  and  of  a  bitter  disagreeable  taste. 
Sp.  gr.  1*66.  Sulphate  of  magnesium  is  soluble  in  its  own  weight 
of  cold  water,  and  is  insoluble  in  alcohol.  It  effloresces  in  the 
air,  and  when  heated  it  fuses  in  its  own  water  of  crystallization. 
The  quantity  of  the  water  of  crystallization  of  sulphate  of  mag- 
nesium varies  according  to  the  temperature  at  which  it  is  made  to 
crystallize ;  hydrates  of  this  salt  may  be  obtained  containing  one, 
two,  five,  six,  seven  and  twelve  equivalents  of  water  of  crystal- 
lization. When  sulphate  of  magnesium  is  left  to  crystallize  at  60^ 
Fahr.,  it  ordinarily  contains  seven  equivalents  of  water. 

Sulphate  of  magnesium  is  often  adulterated  with  sulphate  of 
sodium ;  nay,  this  latter  salt  is  sometimes  altogether  sold  under  the 
name  of  sulphate  of  magnesium.  The  two  salts  may  be  easily  dis- 
tinguished from  each  other,  because  sulphate  of  sodium  crystiUlizea 
in  long  six-sided  prisms  more  transparent  than  those  of  sulphate 
of  magnesium,  and  more  efflorescent ;  its  taste  is  fresh,  saline,  and 
somewhat  bitter,  but  less  disagreeable  than  that  of  sulphate  of 
magnesium ;  its  sp.  gr.  is  1*349.  Lastly,  a  solution  of  carbonate  of 
potassium  or  of  sodium,  poured  into  a  solution  of  sulphate  of  sodium, 
produces  no  precipitate  whatever;  whilst  an  abundant,  bulky, 
white  precipitate  is  immediately  produced  by  that  reagent  in  one 
of  sulphate  of  magnesium. 

Nothing  is  therefore  more  easy  than  to  distinguish  these  two 
salts  &om  each  other  in  an  isolated  state ;  but  when  they  are 
mixed  together,  the  operator  may  detect  it  by  drying  a  small 
portion  of  the  sample,  and  heating  it  before  the  blow-pipe,  to  the 
fiame  of  which  it  vdll  immediately  impart  a  strong  yellow  colour. 
If  now  the  operator  wishes  to  ascertain  the  proportion  or  extent 
of  the  adulteration,  he  should  proceed  as  follows :-— 
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T&ke  s  certain  pordoa  of  the  Bait  ander  exuuination,  dry  it  at 
A  Bt«am-heat  until  reduced  into  ■  white  powder,  and  expoea 
tbie  whit«  powder,  which  is  the  efflOTOwed  sulphate,  to  a  moda-aCe 
red  heat,  in  order  to  expel  completelj  the  water  of  crystalliuitioQ. 
Take  60  gnuDS  of  the  ignited  sulphate,  and  diaaalve  them  in  pure 
dietilled  water,  add  then  an  exceaa  of  solution  of  carbonate  of 
potassium  of  sodium,  and  boil ;  allow  the  liquor  to  become  cold, 
and  (»llect  the  precipitated  carbonate  of  magnesium  upon  a  filter, 
wash  it  carefullj  with  boiling  water  but  not  too  long,  since  it  is 
nut  completelj  intioluble  in  even  hot  water,  dry  it,  and  ignite 
it  atronglf  for  some  time,  in  order  to  expel  the  cnrbonic  add; 
the  residuum  is  pure  magnesia.  60gTuna  of  sulphate  of  mag- 
nesium, preTiouslf  exposed  to  a  moderate  red  heat,  ns  above 
said,  should  yield  20  gr^ne  of  pure  magnena,  or  each  grain  of 
sulphate  of  magnesium  should  yield  0-34015  grain  of  pure  mag- 
nesia. If,  therefore,  the  operator  subtracts  from  the  total  weight 
of  the  salt  under  examination,  and  which  has  been  subjected  to 
experiment,  the  amount  of  sulphate  of  magneuum  indicated  by 
the  precipitate  abore  alluded  to,  th«  difference  will,  of  course, 
show  the  weight  of  the  sulphate  of  todium  which  has  been  added. 
If,  however,  the  operator  wishes  to  determine  the  quantity  of  sul- 
phate of  sodium  by  actual  experiment,  he  may  do  so  by  dissolving 
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PyrokuUe  (l)moxide  of  manganese). 
Bravnite  (sesquioxide  of  manganese). 
Manganite  (hydrated  sesquioxide  of  manganese). 
Hausnianite  (red  oxide  of  manganese). 

The  first  of  these  ores  (pyroluaite)  is  the  most  important,  and 
as  the  natural  ores  of  manganese  are  mixtures  of  this  with  the 
lower  oxides,  and  contain  impurities;  such  as  earthy  carbonates^ 
peroxide  of  iron^  alumina,  silica,  sulphate  of  barium,  &c,,  it  is 
absolutely  necessary  that  the  manufacturer  who  uses  the  mineral 
should  ascertain  the  quantity  of  peroxide  contained  in  the  ore,  the 
proportion  of  which  in  the  sample  determines  its  commercial 
value. 

Determination  of  the  value  of  Commercial  Oxide  of  Manganese. 

(I.)  By  estimating  the  amount  of  chlorine  evolved  during  the 
solution  of  the  ore  in  hydrochloric  acid,  the  value  of  the  oxide  being 
in  exact  proportion  to  the  quantity  of  chlorine  produced. 

Three  methods  of  estimating  the  chlorine  have  been  recom- 
mended. 

(a.)  By  noting  the  quantity  of  ferrous  sulphate  (ordinary 
green  sulphate  of  iron)  which  it  peroxidizes.  If  the  oxide  of 
manganese  be  perfectly  pure  43.5  parts  will  produce  35  parts  of 
chlorine,  which  will  peroxidize  78  parts  of  crystallized  sulphate  of 
iron.  Hence  25  grains  of  pure  oxide  of  manganese  yield  chlorine 
sufficient  to  peroxidize  159  grains  of  sulphate  of  iron. 

25  grains  of  the  powdered  specimen  are  weighed  out,  and  a 
quantity  not  less  than  359  grains  of  crystallized  sulphate  of  iron. 
The  oxide  of  manganese  is  thrown  into  a  fiask  containing  about 
one  ounce  of  strong  hydrochloric  acid  slightly  diluted,  and  a  gentle 
heat  applied.  The  sulphate  of  iron  is  gradually  added  in  small 
quantities  to  the  acid,  so  as  to  absorb  the  chlorine  as  it  is  evolved, 
and  the  addition  of  that  salt  continued  till  the  liquor,  after  being 
heated,  gives  a  blue  precipitate  '^ith  ferricyaniide  of  potassium,  and 
has  no  smell  of  chlorine,  which  are  indications  that  the  sulphate 
of  iron  is  present  in  excess ;  by  weighing  what  remains  of  this 
salt,  the  quantity  that  has  been  added  is  ascertained,  say  m  grains.* 
If  the  whole  of  the  specimen  consisted  of  peroxide,  it  would 
require  159  grains  of  protosulphate  of  iron,  and  that  quantity 
would  therefore  indicate  100  per  cent,  of  peroxide  ;  but,  if  a  por- 
tion of  the  manganese  only  is  peroxide,  a  proportionally  smaller 
quantity  of  the  protosulphate  will  be  consumed,  and  that  quantity 
will  give  the  real  proportion  of  peroxide,  by  the  proportion,  as 
159  :  25  :  :  m  to  the  quantity  required. 

(b.)  The  chlorine  evolved  is  passed  through  water  in  which 
litne  is  diffused ;  chloride  of  lime  is  formed;  a  certain  quantity  of 
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i^iilphate  o(  iron  is  disBoIred  in  water,  lud  the  soludoD  of  chloride 
iii  lime  is  Bilded  thereto,  until  the  iron  liquor  ceasea  to  strike  a 
blue  colour  wiih  a  drop  of  enlntion  of  ferricyuiide  of  potA»»ium ; 
then,  C'lmparinjf  the  quantity  of  the  solution  of  chloride  of  lime 
required  with  the  qunntity  that  wae  produced,  the  qutiDtit}-  of 
i^hlnrine  generated,  and  hence  the  total  quantity  of  available 
uijgen  18  known. 

(c.)  BiUMASa  conveys  the  chlorine  into  a  solution  of  nitrate 
of  silver,  and  ealculatea  the  amount  of  real  peroxide  of  tnan- 
gnne.°e  in  the  specimen  from  the  quantity  of  chloride  of  silver 
formed. 

( 2. )  liy  cimiertiiig  Oxalic  Acid  in/o  Carbonic  Aeid,  fir/  meani  af 
t/m  iKimil  ainm  fif  Oxyijai  wifiichiha  Peroxide  of  Maiu/nneie  conlaini. 
^loo  (tntina  of  the  apecimen  are  introduced  into  a  weighed  fla^k, 
nnd  150  pains  of  oxalic  acid  dissolved  in  500  grains  of  water  are 
poured  up<)Q  it ;  to  this,  350  Krains  of  oil  of  vitriol  are  to  be  aiided, 
and  the  orifice  of  the  flask  closed  by  a  cork,  through  which  pas«ea 
Ik  tube  containing  fragments  of  recently  fitsed  chloride  of  calcium  ; 
the  weight  of  this  cork  and  tube  are  to  be  included  in  the  tare  of 
the  llaak.  On  the  addition  of  the  oil  of  vitriol,  a  brisk  effervescence 
takes  plsce,  owiog  to  the  escape  of  carbonic  ncid,  wliich  passing 
over  the  Cm^ment^  of  chloride  of  calcium  in  the  tube  is  dried,  so 
that  the  gas  alone  passes  oS".     When  the  action  slackeTis.  a  trentle 


MANGANESE.  24  L 

same  principle.  A  certain  weighed  quantity  of  the  finely 
powdered  manganese  ore  is  projected  into  b  (Fig.  9),  and  about 
2^  parts  of  neiUral  oxalate  of  potassium  (prepared  by  saturat- 
ing the  common  binozalate  with  carbonate  of  potassium  and 
crystallizing),  or  two  parts  of  neutral  oxalate  of  sodium,  and  as 
much  water  added  as  will  fill  about  one-third  of  the  flask ;  the 
apparatus  is  then  prepared  as  directed  in  p.  16 ;  B  is  then  closed, 
the  apparatus  weighed,  and,  by  sucking  the  tube  «,  some  sul- 
phuric acid  is  made  to  pass  from  a  into  b.  The  evolution  of  car- 
bonic acid  commences  immediately,  and  in  a  very  uniform  mannes; 
as  soon  as  it  stops,  some  more  sulphuric  acid  is  sucked  over  from 
a  into  bf  and  the  operation  thus  continued  till  all  the  manganese 
is  completely  decomposed  ;  this  operation  will  require  from  six 
to  ten  minutes;  it»  completion  is  ascertained  not  only  by  no 
further  evolutions  of  carbonic  acid  taking  place  upon  a  further 
influx  of  sulphuric  acid  into  6,  but  also  by  no  black  powder 
remaining  at  the  bottom  of  the  flaek>  Some  more  sulphuric  acid 
is  then  sucked  over  into  6,  in  order  to  heat  the  fluid  contained 
therein,  so  as  completely  to  expel  all  the  carbonic  acid  evolved 
during  the  course  of  the  operation ;  the  wax  stopper  is  then 
removed  from  a,  and  the  tube  d  sucked  imtil  the  air  no  longer 
tastes  of  carbonic  acid ;  the  apparatus  is  then  allowed  to  cool,  and 
weighed.  The  entire  examination  may  thus,  according  to  the 
authors,  be  performed  in  a  quarter  of  an  hour  ;  from  the  loss  of 
weight  of  the  apparatus  (the  amount  of  carbonic  acid  expelled) 
the  amount  of  available  oxygen  is  found,  or,  what  in  fact  is  the 
same,  the  amount  of  peroxide  contained  in  the  manganese  under 
examination,  according  to  the  following  arrangement: — r?mi  equi- 
valents of  carbonic  acid  stand  to  one  equivalent  of  peroxide  of 
manganese  in  the  same  proportion  as  the  amount  of  carbonic  acid 
stands  to  x,  a:,  being  the  quantity  of  real  peroxide  contained  in  the 
specimen.  Let  us  suppose  that  our  experiment  had  been  made 
with  four  grammes  (61.76  grs.)  of  manganese  ore,  and  that  we 
had  obtained  3*5  grammes  (54*03..  grst)  of  cazbonic  acid.  The 
arrangement  would  be — 

4  s  43?^ '  '  SS  '  * 
«  =  3*47. 

Thus,  four  grammes  of  the  manganese  ore  containing  3*47 
grammes  of  peroxide,  100  parts  df  the  same  subetanoe  must  con- 
tain 86*7  parts.  To  render,  however,  this  calculation  unnecessary, 
we  need  only  ascertain  what  amount  of  manganese  most  be  taken 
to  make  the  number  of  centigrammas  of  carbonic  add  obtained 
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ThHf,  if  we  lake  o'993  graromes  (15-33  grains)  of  Ibe  specimen, 
llie  aiuuiier  of  (^onti^THuiuire  of  carbonii:  acid  expelled  nill  iodi- 
cate  the  percentage  amoDnt  of  peroxide.  But  as  the  quantity  of 
carbimic  acid  obt«iiied  would  be  loo  miauLe  to  admit  of  *  direct 
d(t  tana  ilia  tioD  of  its  weight,  it  is  adviaable  to  t»Iie  a  multiple  of 
□'99^  griLDim^a,  and  to  divide  tbe  Dumber  of  ceutigrammeH  of 
carbonic  acid  obtnined  by  the  aame  number,  which  has  serTed  aa 
a  uiiUtiplier.  The  multipie  bj-  3,  i^.  2'98  eramiues,  is  deemed  by 
the  authors  the  quantity  best  adapted  for  the  exam  illation. 
Should  the  man^Aimse  contain  csrbooated  alkaline  earths,  which 
ie  sometimes  tbe  case,  it  muat  uDdergo  n  preliminarv  procesa 
prerioua  ta  the  examination.  To  ucertain  tbe  presence  or 
absence  at*  carbonate  of  calcium  or  barium  in  the  man^nese 
under  exaTsinsdon,  it  U  suflicient to  moisten  aaample  powdernith 
dilute  nitric  Bcid  ;  their  presence  la  certain  if  any  elFervesK^nce 
take  place.  The  specimen,  in  that  case,  is  treated  as  follows: — 
18  grauiines  of  tie  specimen  are  projected  into  i,  covered   with 
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peroxide  of  manganese,  43 '67,  the  calculation  of  the  quantity  of 
real  peroxide  in  a  specimen  of  manganese  becomes  a  problem  of 
the  utmost  simplicity ;  and  that  if  we  take  100  grains  of  the  speci- 
men, the  loss  of  weight  in  grains  will  denote  the  percentage 
proportion  of  pure  peroxide.  One  atom  of  peroxide  of  manganese, 
(Mn  O,)  =  43*67,  contains  one  atom  of  oxygen,  separable  by  sul- 
phuric acid,  and  capable  of  converting  one  atom  of  oxalic  add 
into  two  atoms  of  carbonic  acid. 

Dr.  Ube  recommends  250  grains  of  oxalate  of  potassium  to 
icx)  grains  of  the  sample. 

Various  other  methods  of  ascertaining  the  value  of  commer- 
cial oxide  of  manganese  have  been  proposed  ;  but  as  none  of  them 
exceed  in  accuracy  or  convenience  the  method  of  Will  and 
FRESBNiusjust  described,  the  principles  of  the  processes  alone  will 
be  briefly  dascribed. 

(4.)  Method  foimded  on  the  reducing  action  of  Protochloride  of 
Tin  (L.  Mtjller,  'Ann.  der  Chem.  und  Pharm.'  Oct.  1851,  and 
*  Chem.  Gaz.,'  vol.  x.  p.  75). 

Protochloride  of  tin  (stannous  chloride)  and  perchloride  of  iron 
(ferric  chloride)  react  mutually  on  each  oUier,  thus — 

Sn  Cla  +  Fe,  01,  -  Sn  01^  +  2  Fe  Clj. 

In  order  to  derive  advantage  from  this  reaction,  two  courses 
might  be  followed :  first,  a  solution  of  protochloride  of  iron 
(ferrous  chloride)  might  be  converted  into  perchloride  of  iron 
(ferric  chloride)  by  the  action  of  the  chlorine  developed  from 
hydrochloric  acid  by  the  oxide  of  manganese  to  be  valued,  and 
then  the  quantity  of  perchloride  of  iron  thus  formed  in  the 
solution  determined  by  means  of  a  solution  containing  a  known 
proportion  of  protochloride  of  tin;  or  secondly,  the  chlorine 
evolved  may  be  passed  through  a  solution  of  protochloride  of  tin, 
and  the  perchloride  produced  estimated  by  means  of  a  solution  of 
perchloride  of  iron  of  known  strength.  The  author  finds  the 
second  method  to  be  perfectly  applicable  in  practice,  as  the  chlorine 
is  rapidly  and,  completely  absorbed  by  a  sdution  of  protochloride 
of  tin. 

(5.)  Method  founded  on  the  Convertion  of  Arsenious  Acid  into 
Arsenic  Acid  by  means  of  Chlorine  and  TermangoMtU  of  Potassium 
(AsTLET  Pbicb,  '  Chem.  Gaz.,'  voL  ii.  p.  416). 

Ten  or  any  number  of  grains  of  the  specimen  under  examina- 
tion are  placed  in  a  small  fiask,  to  which  ten  or  more  measures 
of  a  normal  solution  of  arsenious  acid  in  hydrochloric  acid  are 
added,  and  to  the  fiask  is  adapted  a  Will's  nitrogen  apparatus 
containing  a  solution  of  potassa,   to  retain  any  terchloride  of 
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arsenic  which  may  b«  given  off.  The  flask  u  then  placed  in  % 
wflter-bdtb,  or  n  gentle  heat  U  applied  until  solution  is  effected. 
The  contenU  of  the  flask,  after  being  allowed  to  cool,  an, 
together  with  the  solution  of  potassa,  tranaferred  to  a  larger  fiaak 
and  diluted  with  water.  The  amount  of  araenioua  acid  remuninfr 
uiichan|i;ed  is  Chen  determined  bj  the  kldition  of  a  standard 
solution  of  permRngannte  of  potawdum,  and  the  quantity  thua 
indicated  beiug  deducted  from  the  number  af  grains  of  arsenioua 
acid  employed  in  the  first  instance,  will  give  the  value  of  the 
specimen  under  snalTBig. 

(6,)  Method /molded  on  tiu  Conutrnon  of  Copper  inio  Dichlo- 
ride  btf  the  Chlorine  evolved  from  Sjidn>chlorie  Add  by  Oside  of 
Mnnganete.  <Nolte,  '  Ghem.  Gat.,'  toL  ivii.  p.  296.) 

Every  atom  of  peroxide  in  the  ore  seta  free  one  atom  of 
cblorine  from  hydrochloric  acid,  which  in  its  turn  converts  two 
atoms  of  copper  into  diohloride.  Strong  chemically  pure  hydro- 
chloric acid  is  poured  over  a  known  quantity  of  the  native 
peroxide  in  a  retort,  end  an  excess  of  copper  u  added,  the  evolu- 
tion of  free  chlorine  bring  avmded  by  keeping  the  retort  as  cool 
as  poBHible  until  the  ore  is  completely  decomposed.  The  mixture 
is  Uien  heated  to  the  boiling  point,  so  as  to  convert  the  prolo- 
chloride  at  first  formed  into   dichloride.     The  loss  of  copper  in 
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tested  as  soon  as  possible  after  the  decompoution  :  it  gives  higher 
results  after  standing  twenty-four  hours  than  before.  These 
higher  results  are  caused  by  the  liberation  of  iodine  by 
spontaneous  decomposition  of  hydriodic  acid  set  free  by  hydro- 
chloric acid  distilled  over  during  the  process. 

Messrs.  Shbreb  and  Rum pf  have  made  the  suggestion  that 
the  yalue  of  manganese  ores  should  be  measured  by  chlorometrical 
degrees  rather  than  by  the  actual  percentage  of  binozide,  thus 
tending  in  the  same  direction  as  the  resolution  passed  by  the 
Association  of  Alkali  Makers  in  1869,  'That  as  the  testing  of 
manganese,  according  to  the  method  of  Will  and  Fbesbnius,  is,  in 
the  opinion  of  the  meeting,  incorrect,  and  yields  uncertain  restdts, 
it  is  recommended  to  the  members  of  this  Association  not  to  buy 
by  that  test.' 

Dr.  Paul  adopts  Momt's  method  of  using  a  known  quantity 
of  a  standard  solution  of  oxalic  acid  together  with  excess  of  sul- 
phuric acid  for  dissolving  the  ore,  if  necessary,  boiling  until  the 
ore  is  completely  dissolved,  and  then  by  a  standard  solution  of 
permangantUe  of  potassktm  determining  the  quantity  of  oxalic 
acid  remaining  undecomposed.  This  method  is  very  convenient 
for  testing  manganese  ores,  and  involves  only  one  weighing  for 
each  test,  and  the  results  obtained  are  very  uniform.  It  also  has 
the  advantage  of  giving  results  which  fSurly  represent  the  amount 
of  available  peroxide  in  manganese  ores,  for  any  iron  that  may  be 
present,  as  metal,  or  protoxide,  would  consume  an  equivident 
quantity  of  permanganate  solution,  and  thus  apparently  reduce 
the  quantity  of  oxalic  acid  decomposed  by  the  peroxide  to  an 
extent  proportionate  to  the  amount  of  iron  existing  in  the  ore. 
Thus,  for  instance,  if  the  quantity  of  oxalic  acid  decomposed  by  100 
grains  of  manganese  ore  free  from  iron  and  protoxide  of  iron  were 
109*53  grains,  the  ore  would  contain  76*5  per  cent,  of  peroxide, 
and  the  whole  of  that  would  be  available ;  but  if  the  100  grains 
of  ore  also  contained  5*6  grains  of  metallic  iron  or  an  equivalent 
of  protoxide,  the  permanganate  solution  required  for  peroxidizing 
that  iron  would  represent  6*3  grains  of  oxalic  acid,  and  the 
quantity  of  oxalic  acid  decomposed  by  the  peroxide  would  appear 
so  much  less  than  it  really  was,  or  103.23  grains  instead  of  109*53 
grains.  Accordingly,  the  amount  of  peroxide  would  be  repre- 
sented as  72.2  per  cent  instead  of  76*5  per  cent,  and  that  would 
in  fact  be  the  amount  of  peroxide  available  for  generating 
chlorine. 

The  method  recommends  itself  by  its  simplicity,  and  by  the 
fact  that  the  standard  solutions  of  oxalic  acid  and  permanganate 
will  keep  for  a  long  time  without  alterations  in  value.    The  oxalic 
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Add    BolutioQ   cnntuDs  63  gmnmu  in  t,   Utte,  ud  i   ce.  i> 
equivalent  to  5  c.c.  of  the  peTmuguiAte  Mlution. 

Pattitum'a  ModifieatioH  tif  Otto't  Proteti  for  tile  ValMatum  of 
Manganete. — 30  grainB  of  dean  iion  wire  m  placed  in  a  20-01, 
flask  aloDg  with  3  01.  of  dilute  snlphniic  add,  made  bj  adding  3 
porta  of  water  to  i  of  oil  of  vitriol ;  a  aoik,  tluongh  which  pnnfinn 
a  tube  bent  twice  at  right  anglea,  ia  inserisd  in  the  neck  of  the 
flask,  and  the  flask  is  heated  over  a  gai  flame  until  the  iron  is 
dissolved.  The  bent  tube  la  placed  so  as  to  dip  into  a  amall  flaak 
or  beaker  coutainiDg  a  little  water.  When  the  iron  is  quite  in- 
solved,  30  grains  of  the  flndj-powdered  and  dried  sample  of 
manganese  ore  to  be  tested  are  put  into  the  flask,  the  cork 
replaced,  and  the  contents  again  made  to  boil  gently  over  a  gas 
flame  until  it  is  seen  that  the  whole  of  the  black  part  of  the  man- 
ganese ore  i»  dissolved ;  the  water  in  the  flask  or  beaker  is  then 
allowed  to  recede  through  the  beat  tube  into  the  la^r  flask, 
more  distilled  water  added  to  rinse  out  the  small  flask  or  beaker 
and  bent  tube,  the  cork  well  rinsed,  and  the  cogtents  of  the  flask 
made  up  to  about  8  or  10  ots.  with  distilled  water.  The  amount 
of  iron  remaiaing  unozidiied  in  the  aoIutioD  is  then  ascertained 
b;  means  of  a  standard  solution  of  bichromate  of  potueium.  (See 
iron    Orti.)     The   amount   the   bichromate   icdicatee,  dedocted 
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rAltTBIB  OV. — (i.)  Onaao. — The  extensive 
use  of  this  complex  manure,  its  high  price,  and  the  consequent 
inducement  held  out  to  unprincipled  vendors  to  sophisticate  it, 
render  it  a  matter  of  importance  that  the  real  value  of  a  sample, 
as  a  fertilinng  agent,  should  he  capable  of  being  tested,  without 
submitting  it  to  the  costly  and  tedious  process  of  an  elaborate 
analysis.  '  Impositions,'  says  Professor  Johnstok  (*  Elements  of 
Agricultural  Chemistry'),  'have  been  practised  on  unwary  farmers, 
by  selling  as  genuine  guano  artificial  mixtures,  made  to  look  so 
like  guano  that  the  practical  man  in  remote  districts  is  unable  to 
detect  it.  A  sample  of  such  pretended  guano,  which  had  been 
sown  in  the  neighbourhood  of  Wigtown,  and  had  been  found  to 
produce  no  effect  upon  the  crops,  was  examined  in  my  laboratory, 
and  found  to  contain,  in  the  state  in  which  it  was  sold,  more  than 
half  its  weight  otgypmrniy  the  rest  being  j9ea^  or  coal-ashes,  with  a 
little  common  sak,  sulphate  of  ammoniumy  and  either  dried  tcrtn^, 
or  the  refuse  of  the  glue  manufactories,  to  give  it  a  smell.  I  could 
not  satisfy  myself  that  it  contained  a  particle  of  real  guano.' 
Again  he  says,  *  Four  vessels  recently  sailed  hence  (Liverpool)' 
for  guano  stations,  ballasted  with  gypsum  (plaster  of  Paris) ;  this 
substance  is  intended  for  admixture  with  guano,  and  will  enable 
the  parties  to  deliver  from  the  vessel  a  nice-looking  and  light- 
coloured  article.  Parties  purchasing  guano  are  very  desirous  of 
having  it  delivered  from  the  vessel,  as  they  believe  that  they 
thereby  obtain  it  pure.  The  favourite  material  for  the  adulterar 
tion  of  guano  is  umber,  which  is  brought  from  Anglesea  in  large 
quantities.  The  rate  of  admixture,  we  are  informed,  is  about 
1 5  cwts.  of  umber  to  about  5  cwts.  of  Peruvian  guano,  from  which 
an  excellent-looking  article,  called  African  guano,  is  manu- 
factured.' 

In  selecting  a  guano,  the  following  points  ought  to  be  at- 
tended to  by  the  farmer  (Akdebsok,  <  Elements  of  Agricultural 
Chemistry') : — 

1.  The  guano  should  be  light-coloured  and  dry,  cohering  very 
slightly  when  squeezed  together,  and  not  gritty. 

2.  It  should  not  have  too  powerful  an  ammoniaeal  smell,  and 
should  contain  lumps  which,  when  broken,  appear  of  a  paler  colour 
than  the  powder. 

3.  A  bushel  should  not  weigh  more  than  from  56  to  60  lbs. 
These  characters  are,  however,  imitated  with  great  skill,  so 

that  they  cannot  be  implicitly  relied  upon,  and  they  are  appli- 
cable to  Peruvian  guano  only.  The  following  are  the  chief  adul- 
terations in  guano,  which  chemical  analysis  alone  can  detect : — 
A  sort  of  yeliow  loamy  very  similar  in  appearance  to  guano,  sand. 
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brickd«*t,  chalk,  umber,  gypatm,  emmon  mA,  and  occaaionalljr 
also  (n^und  copToUta  and  inferior  guano.  These  sabatancei  an 
mely  uwd  Biogly,  but  are  oommonlj  luued  in  iQcli  propordona 
as  moat  cloael?  lo  imitate  the  ooloiu  and  general  appearance  of 
the  genuine  article.  The  adulteration  alvajs  takes  ^ace  in  laiga 
towns,  became  it  is  onlj  there  that  &cUitiea  exist  for  obUuning 
the  neceesaij  mBteriols,  and  canTing  it  out  without  ezdting 
•uspicion.  '  The  aophisdcatad  article/  obserras  Aitdebsos,  '  then 
passes  into  the  hands  of  the  small  counter  dealers,  to  whom  tt  ia 
sold  with  the  aasuranee  that  it  ia  genuine,  and  analysis  quite  un- 
necessary. In  other  iustancea,  adulterated  and  inierior  guanos 
are  sold  bjr  the  analysis  of  a  genuine  aample  \  and  sometimes  an 
analysis  is  made  to  do  duty  for  many  succesBiTe  cargoes  of  a 
guano  which,  though  all  obtained  from  one  deposit,  may  differ 
excessively  in  composition.  In  the  caae  of  a  Peruvian  guano,  a 
complete  analysis  ia  not  neceasary  ;  but  an  experienced  chemist, 
by  ^e  application  of  a  few  testa,  can  readily  ascertain  whether  the 
sample  is  genuine.  Where  the  difference  in  value  between  different 
samples  is  required,  a  complete  analysis  is  necessary,  and  this  is 
indispensable  in  the  case  of  inferior  guanoa.' 

AniUytU.—lhti  following  point*  should  be  attended  to  in  the 
cheniifsl  Hianiination  of  tbis  lunnure,  the  sBniple  bein^  mix 
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drachms  of  water  are  then  thrown  on  the  guanoi  and  then  some 
milk  of  lime,  by  means  of  a  pipette ;  the  whole  is  now  cohered 
with  a  beaker,  and  allowed  to  remain  for  two  or  three  days,  or 
nntil  reddened  litmus-paper  is  no  longer  affected  when  introduced 
within  the  glasp.  The  whole  of  the  ammonia  has  now  been  ex« 
pelled  from  the  guano  without  the  aid  of  heat,  and  has  been 
absorbed  by  the  acid ;  the  quantity  of  which  left  free  is  deter- 
mined by  means  of  a  standard  solution  of  soda,  and  the  amount  of 
ammonia  calculated  from  the  result 

rv.  Determination  of  the  Total  Amottnt  of  Nitrogen, — The  fol- 
lowing method,  though  only  an  approximative  one,  recommends 
itself  by  the  facility  with  which  it  is  executed,  and  the  rapidity 
with  which  it  enables  the  operator  to  ascertain  the  comparative 
values  of  different  specimens  of  guano.  It  is  founded  on  the 
fact  that,  when  guano  is  treated  with  a  solution  of  cMoride  of 
lime,  the  nitrogen  both  of  the  organic  mat- 
ter and  of  the  ammoniacal  salts  is  evolved  ^***  "• 
as  gas.  Instead  of  collecting  and  measuring 
the  gas  evolved,  which  would  be  scarcely 
practicable  on  account  of  the  violent  effer- 
vescence, the  volume  of  water  which  is  ex- 
pelled by  the  gas  is  ascertained  by  means  of 
the  simple  apparatus  represented  in  the 
figure ;  it  consists  of  a  flask  capable  of  con- 
taining about  half  a  pint,  provided  with 
a  narrow  gas  delivery  tube,  bent  twice  at 
right  angles.  One  limb,  rather  the  shorter , 
of  the  two,  is  passed  air-tight  through  the 
cork  of  the  ilask,  and  bent  upwards,  to 
prevent  as  far  as  possible  the  escape  of 
bubbles  of  gas.  This  tube  descends  nearly  to  the  bottom  of  the 
flask.  A  second  very  narrow  short  tube  is  also  passed  through 
the  cork,  and  serves  for  the  escape  of  air  when  the  cork  is  in- 
troduced. The  longer  limb  of  the  delivety  tube  dips  into  a  tall 
cylinder  or  tube,  which  is  graduated  to  cubic  centimetres  or  cubic 
inches.  The  flask  is  half  tilled  with  solution  of  chloride  of  lime, 
carefully. prepared  and  kept  in  a  dark  place  in  a  dosed  vessel. 
About  fifteen  or  twenty  grains  of  guano  are  then  weighed  in  a 
small  glass  vessel,  which  may  be  the  end  of  a  test  tube,  in  which 
a  few  small  shot  have  been  placed  in  order  that  it  may  float  With 
the  aid  of  the  iron-wire  handle,  shown  in  the  figure,  the  tube  is 
let  down  so  as  to  float  upon  the  surface  of  the  solution  of  chloride 
of  lime,  the  cork  with  the  tube  is  then  tightly  adjusted,  the  orifice 
of  the  smaller  tube  closed  with  wax,  and  the  flask  shi^en  so  that 
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tM  ]i;iU  T<«d  amj  £2  aod  ok :  *  rahMe  cf  Equd*  e^Ml  u 
tit«  titf-.fftn  «T.3lE«d  &om  the  fSintN  tkta  floai  mto  tke  p»- 
•l^«i#d  crlittifer:  vbts  k>  mart  fiq^id  paMn  •!»,  tke  ^fiida 
it  4«pre»«l  M  M  to  btiiw  the  Equl  to  tk  m^  kni  m  Am 
i&  tii«  z«t«TUiii2  fiaik.  The  wax  plnf  k  iba  leaeond,  the  eatfc 
witb>itavo,  uid  th«  liqnid  Rill  eantned  m  the  de&t«ij  tube  w 
M'jwiA  la  nm  into  the  ejEDdcr,  '■has  the  whole  is  omfdllj 
meuiu*^.  Fifteen  ^nini  of  pMid  PoBTiaB  giuBO  erolre  hctween 
har  tui  Gtc  cniric  ioehw  of  gaa^  A  won  exact  detctBUBadon  of 
tb«  am'iUDt  (if  DitTogen  it  olitaiiied  br  boniiiif  a  known  qnaatitT 
•it  th«  tDuiure  with  nda  lime,  aeeoriiiig  to  Will  and  Vabxex- 
iKiPP'n  method,  at  modified  tn  Pluaoz. 

V.  /jfl'tminottM  o/lkt  CemMUmtHi*,  SnbUe  as^  btelmblt  m 
WaUr. — Ilipreit  i  jo  or  200  f^iwiN  with  wTeial  tinea  its  luliune 
<ii  wafrr ;  tbrmr  on  a  preriooalj  dried  and  weighed  filter,  and 
wa*ii  till  a  few  drop*  of  the  wa^'water  collected  in  a  teat  tnba 
are  not  rendered  turbid  br  the  addition  of  ammonia  wgA  cUorida 
(if  calcium  \  the  filter,  with  the  waahed  guano,  ia  then  thotonirhlj 
dried  in  the  wateiKiven  and  wdghed.  The  diSennce,  teal  the 
prfiptirtiou  of  water  found  in  (l),  girea  the  amomit  of  auUd  coih 
ntiiuent*.  Bum  the  iotolnble  matter  and  weigh  the  aah,  which 
repreiitnte  the  a: 
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expel  the  ammoniacal  salts,  calculating  it  as  'alkaline  salts;' 
when,  however,  chalk  has  been  found  as  an  adulteratioUi  it  must 
of  course  be  previously  removed  by  oxalic  acid. 

By  way  of  reference,  we  append  some  analyses  of  the  highest 
and  lowest  qualities  of  some  genuine  guanos,  on  the  authority 
of  Professor  Ain)EBS0N  Q  Elements  of  Agricultural  Chemistry,' 
p.  210). 


Angamos 

PeruTlan 

Bolivian 

Highest 

Lowest 

Highest 

Lowest 

Highest 

Lowest 

Water     .... 
Organic     matter    and) 
ammoniacal  salts       j 
Phosphates     .        .        • 
Alkaline  salts . 
Sand       .... 

Ammonia       .        .       . 

12*60 

6562 

10*83 
750 
3*45 

7*09 

50-83 

8*70 
16-30 
17*08 

io*37 

5573 
25*20 

750 
I '20 

21*49 
46*26 

i8*93 
10*64 

2*68 

"•53 
11*17 

62*99 

9*93 
4-38 

16 '20 
12*86 

53-95 

13-83 

4*16 

100 '00 
2533 

100*00 
17-15 

lOO'OO 

18-95 

100 '00 
14-65 

100*00 
1-89 

lOO'OO 

2*23 

The  following  is  the  composition  of  (so-called)  Peruvian 
guano,  which  has  evidently,  however,  been  adulterated,  and  which 
is  worth  less  than  half  the  price  of  the  genuine  manure : — 

Water 12*06 

Organic  matter  and  ammoniacal  salts  .        .  34*14 

Phosphates 22*08 

Gypsum 1 1*08 

Alkaline  salts I2'8i 

Sand 7*83 

100*00 

(2.)  Snperpliospliate  of  Caletmn. — '  The  deliberate  adultera- 
tion of  superphosphates,'  observes  Professor  Avdebsok,  '  that  is, 
the  addition  to  it  of  sand  or  similar  worthless  materials,  I  believe 
to  be  but  little  practised.  The  most  common  fraud  consists  in 
selling  as  pure  dissolved  bones,  articles  made  in  part,  and  sometimes 
almost  entirely,  from  coproUtee,  Occasionally  refuse  matters  are 
used,  but  less  with  the  intention  of  actually  diminishing  the  value 
of  the  manure  than  for  the  purpose  of  acting  as  driers.  It  is  said 
that  sulphate  of  calcium  is  sometimes  employed  for  this  purpose, 
but  this  is  rarely  done,  because  that  substance  is  always  a  necessary 
constituent  of  superphosphate  in  very  large  quantities;  and  as 
farmers  look  upon  it  with  great  suspicion,  all  efforts  of  the  manu- 
facturers are  directed  towards  reducing  its  quantity  as  much  as 
possible.' 


2S2 

There  is  do  miuiuTe  which  nqoiiM  grettter  vigiluce  on  the 
part  of  the  purcbaaer  than  snpeiphoaphAte  of  cAlduin,  becauae  of  the 
great  Tariationg  in  qualitj ;  though,  in  oonaequence  of  incraaaed 
compelitioD,  and  the  proceai  of  manufacture  being  better  undet- 
Btood,  it  is  much  better  than  it  waa  a  few  ywn  aga 

..4nii/i/«u.— The  following  are  the  pdnia  to  be  attended  to  in 
the  chemical  ezamination  of  thia  manure : — 

I.  Determination  of  th«  Watar. — 50  gruna  are  dried  intheur- 
batb,  at  a  temperature  of  about  300^  F,,  until  the  weight  remaina 
constant ;  the  loss  repreaenta  the  amount  of  moistare  abaorbed  bj 
the  superpbciBphate,  and  the  water  in  the  gypanm. 

n.  Diitrmmation  of  the  Stlatiee  I^-oporiiort  of  Soluble  tmd 
Ituohhlt  Cmutituaitt. — 150  graina  of  the  sample  are  bwled  up 
with  water,  and  allowed  to  aettle ;  the  decanted  fluid  ia  thrown 
on  a  filter,  and  the  residue  agun  and  again  boiled  with  wat«r, 
until  there  ia  no  longer  an  add  reaction.  The  inaolnble  matter 
ia  then  dried  in  the  air-bath  at  about  300°  F.,  and  weighed.  Of 
course,  an;  solid  partidsB  that  maj  have  been  retained  on  the 
filter  are  added ;  thia  ia  best  done  bj  drjing  and  burning  the 
filter,  and  adding  the  B»h. 

in.  Dettrmiiuition  of  Iht  Orgmue  Matttr  m  th*  Intoluble 
Portion. — Moisten  with  a  little  nitric  add,  to  peiuxidiie  anj  iron 
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a  piece  of  red  litmus-paper  is  turned  faintly  but  distinctly  blue, 
showing  an  alkaline  reaction ;  continue  the  evaporation  to  perfect 
dryness,  transfer  to  the  air-bath,  dry  at  320^  F.,  and  then  weigh ; 
ignite,  and  weigh  again.  The  difference  between  the  results  of  the 
two  weighings  expresses  the  quantity  of  orpanic  matter  in  the 
aqueous  solution.  Boil  the  ignited  residue  with  lime-water,  and 
then  with  distilled  water,  for  a  considerable  time;  remove  the 
sulphuric  acid  from  the  tiltrate  by  chloride  of  barium,  and  then 
the  excess  of  the  barium  and  calcium  salts  by  carbonate  of  ammo- 
nium, and  filter.  The  filtrate  contains  notiiing  but  the  atkaUes^ 
which  are  determined  in  the  usual  manner.  Determine  the  sul- 
phuric acid  in  6  by  chloride  of  barium ;  evaporate  c  to  dryness  in 
a  platinum  dish  with  excess  of  carbonate  of  sodium,  and  add  a 
litUe  nitre ;  ignite  the  residue,  rinse  into  a  beaker,  and  dissolve  in 
hydrochloric  add  with  the  aid  of  a  gentle  heat.  To  the  clear  solu- 
tion add  ammonia,  and  then  acetic  acid  in  excesa  If  kqj  phosphate 
of  aesquioxide  of  iron  be  here  precipitated,  filter  it  off,  and  divide 
the  filtrate  into  two  equal  parts — in  one  determine  the  phosphoric 
acid  by  the  acetate  of  protoxide  of  uranium ;  the  liquid  should  be 
boiled  after  the  addition  of  this  reagent,  and  tiie  precipitate 
allowed  to  subside.  Frbsenixjs  recommends  the  adcQtion  of  a 
drop  or  two  of  chloroform  immediately  after  the  precipitation^ 
and  when  the  liquid  has  cooled  a  litUe,  giving  the  mixture  a 
vigorous  shake,  which  materially  assists  the  precipitation  of  the 
finer  particles ;  these  are  collected  on  a  filter,  the  bulk  of  the  pre- 
cipitate being  washed  by  decantation ;  the  well-washed  precipitate 
is  dried  and  ignited ;  the  filter  is  also  dried  and  burnt,  and  its 
ashes  added  to  the  ignited  precipitate,  100  parts  of  which  contain 
1978  parts  of  phosphoric  acid.  Determine  the  calcium  and  mag- 
nesium in  the  other  portion  of  c  in  the  usual  manner. 

It  is  convenient  to  keep  on  hand  a  stock  of  t<»rtarized  ammo~ 
niacal  mlphate  of  magnewum  for  phosphoric  add  determinations. 

The  following  proportions  may  be  used :-~ 

2  pints  of  water. 
225  grains  of  tartaric  add. 
80       „        anhydrous  sulphate  of  magnesium. 
250       I,        chloride  of  ammonium. 

Those  engaged  in  the  frequent  analysis  of  superphosphates  of 
calcium,  and  other  phoephatic  manures,  wiU  find  it  convenient  tc 
estimate  the  phosphoric  add  by  a  volumetric  process.  A  good 
method  is  the  following : — 

By  Acetate  of  Uranium  (PnrcuSy '  JounL  fiir  Prakt  Chemie/ 
Ixxvi.). 
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A  aolntioii  of  phoapbate  of  Mdinm,  th«  ■mount  of  phoqiliorfe 
ftcid  in  which  is  accuiatelj  known,  mnit  be  preparad;  iteatrangtb 
ahould  be  sucb  that  ench  cubic  centimitTe  enwtlj  repraMats  coi 
of  phosphoric  acid.  The  acetate  of  nnniom  is  prepared  by  diMolring 
pure  ammonio-carbonate  of  nraniom  in  acetic  add  {  it  mtut  b« 
perfectlj  ine  ftom  protoxide,  to  ennire  which  tiw  nlution  muat 
be  protected  from  the  light  The  atrrngth  of  the  aolution  ii 
determined  hy  pourings  5  to  lo  cubic  cenliindtna  of  the  solution 
of  phosphate  of  sodium  into  a  beaker,  adding  ammonia  and  an 
eicees  of  acetic  acid,  and  then  pouring  the  solution  of  uraniuin 
from  a  biiretts  with  divisions  of  ^th  to  j^th  cubic  oentim.,  stirring 
the  mixture  frequeatlj  during  the  prooesa.  The  peculiar  slim^ 
precipitate  of  phosphate  of  uranium  and  ammonium  is  prodnced. 
From  time  to  time  a  drop  of  the  mixtoiQ  ia  put  npon  a  white 
porcelain  plate,  dose  to  a  drop  of  aolution  of  ferrocjanide  of 
potassium,  and  the  two  dropa  are  allowed  to  flow  together.  As 
long  aa  the  phosphoric  acid  is  not  all  precipitated,  onlj  a  bluisb- 
green  colour  is  produced ;  but  when  the  smalleet  excen  of  oxide 
of  uranium  ia  present,  tbe  spot  which  ia  at  fint  bluiah-green 
becomes  distinctly  surrounded  with  a  darker  or  lighter  chocoUt»- 
coloured  border.  If  the  solution  be  Teiy  dilute,  Uie  reaction  dis- 
appeaifl  agun  in  a  few  minutes,  after  atrong  stirring ;  a  further 
qiiniitity  of  tlie  soliilion  oF  iirarniim  must  tli.'u  \k  nailed.     If  the 
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Eyeij  ^th  cubic  centimetre  of  solution  of  oxide  of  uranium 
employed  until  the  production  of  the  reaction,  represents  0*001 
gramme  of  phosphoric  acid ;  the  deposition  of  the  precipitate  is 
facilitated  by  heating  the  solution.  The  solution  must  not  con- 
tain either  protoxide  of  iron  or  alumina. 

Another  volumetric  process,  which  is  exceedingly  simple, 
and  has  afforded  satisfactory  results,  is  described  by  Mr.  Babnabd 
(Obookes*8  '  Select  Methods  in  Chemical  Analysis').  Suppose  a 
superphosphate  made  in  the  usual  manner,  in  such  a  manure  the 
bone  phosphate  may  be  measured  by  the  quantity  of  sulphuric  acid 
employed  in  its  solution.  Extract  all  that  is  soluble  in  water  from 
100  grains  of  the  manure,  and  divide  it  into  two  equal  volumes  of 
1,000  septems  each  in  a  beaker  of  the  same  dimensions.  Into  one 
drop  a  standard  solution  of  carbonate  of  sodium  from  a  burette, 
when  a  precipitation  of  bone  phosphate  occurs ;  this,  however,  on 
gently  moving  with  a  stirrer,  is  redissolved :  continue  to  drop  in 
until  there  is  a  faint  trace  of  a  permanent  precipitate,  which  may 
be  the  better  detected  by  comparison  with  the  other  volume  in 
the  second  beaker.  When  sufficient  carbonate  of  sodium  has  been 
added,  then,  after  duly  noting  the  number  of  septems  employed, 
an  additional  septem  may  be  dropped  in,  when  a  decided  mUkiness 
and  agitation  will  be  manifest  The  number  of  septems  thus 
employed  is  the  measure  of  the  free  acid  existing  in  the  manure. 
A  little  practice  will  enable  the  operator  to  determine  very  nicely 
the  point  of  incipient  precipitation.  Now  throw  in  a  piece  of 
litmus-paper — if  blue,  it  instantly  turns  red — and  then  continue 
the  soda  dropping  until  the  red  litmus  becomes  nearly  blue.  A 
few  minutes'  repose  will  allow  sufficient  time  for  the  precipitate 
to  somewhat  settle  down,  leaving  a  clear  space  above ;  into  this  a 
drop  of  carbonate  of  sodium  solution  may  be  carefully  let  down, 
when,  if  further  precipitation  occurs,  more  carbonate  may  be 
added,  the  whole  stirred,  and  allowed  to  subside.  In  practice,  it 
is  found  that  the  litmus  should  be  brought  to  a  decided  but  not 
to  a  deep  blue.  Now  the  further  volume  of  the  standard  solu- 
tion of  carbonate  of  sodium  employed  is  the  measure  of  the  sul- 
phuric add  economically  employed  in  the  manure,  and  is  there- 
fore the  measure  of  the  sulphuric  acid  in  solution. 

It  frequently  happens  on  keeping  that  in  '  superphosphate '  a 
process  of  '  going  )Mck\  or  reduction  takes  place,  so  that  whilst 
a  sample  freshly  prepared  may  contain,  say  25  per  cent  of  sohsble 
phosphate,  it  may  contain  after  a  time  only  22  or  23  per  cent 
This  sometimes  gives  rise  to  considerable  disputes  between  buyers 
and  sellers,  and  from  the  nature  of  the  action  the  sellers'  estimate 
must  be  always  the  highest     To  avoid  these  disputes  it  is 
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becoming  the  cuatom  to  eiprew  the  unount  of  the  '  reduced ' 
phosphate  in  &d  aDslyaia  of  Buperpboaphiite,  and  mao}'  melhoda 
have  been  piopoeed  for  the  purpose  of  estinuktiug  it  with 
BccuTHCj.  The  point  is  to  find  «omo  reagent  which  does  not  affect 
the  uodecomposed  coprolUt  (thftt  being  the  mineral  now  more 
especially  considered).  The  best  plan  ia  that  in  which  oxalaU  of 
niamoniuiD  is  employed.  The  proceia  is  carried  out  aa  follows ; — 
Take  shout  i^  gramma  of  the  auperphoephate,  extract  the  soluble 
part  with  cold  water,  and  afterwards  with  boiling  water  ;  wash 
the  inaolubls  residue  on  the  filter  into  a  beaker,  boil  for  about 
half  an  bour  with  oxalate  of  anunoDlDm  and  aboat  two  drops  of 
oxalic  add,  so  as  to  have  a  slight  add  reaction  (this  is  done  in 
order  to  keep  tbe  phosphate  of  magnesium  in  solution).  Then 
filter ;  the  filtrate  contains  the  phosphates  of  caldum  and 
magnesium,    and    perbape    a   little    phosphate    of    iron    and 


To  tbe  filtrate  add  tartaric  acid,  ammonia, end  the  magneaic mix- 
ture (described  above),  and  estimate  the  phosphoric  acid  as  tribamc 
phosphate  of  calcium  [Ca,  (Po^l  ,] ;  wash  the  insoluble  residue  on 
the  filter  into  a  beaker,  boil  for  about  one  hour  with  sulphide  of 
ammonium  aud  a  few  drops  of  ammonia,  filter,  &c.  To  the  filtrate 
add  the  magneaic  mixture  and  calculate  the  results  in  the  same 
manner  as   the   reduced  phosphates  of  caldum  and  magneaium. 
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Water 

Organic  matter  and  \ 
ammoniacal  salts  > 
*Bipho9pbt.  of  calcium 
Insoluble  phosphates 
Sulphate  of  calcium . 
Alkaline  salts   . 
Sand. 


Nitrogen  . 
•Equivalent   to    so- 1 
luble  phosphates    > 


Bones  alone 


774-     779 
17*83...  21*69 

13*18...  9*87 

10*31...  21*17 

46*00...  35*30 

1*46...  0*94 

3*48...  324 


Bone  Ash 


Chiefly 
Goprolitei 


S'33- 
6*94... 


10*40 
4*92 


23-09 
6*o8 


'21-35. 

5-92. 
56*16...  4778 

traces 
3-30...    4*30 


5-90., 
5*io., 

*I2*24.. 

16*90.. 

52'39- 
2*47.. 

6*oo.. 


Mixtures, 

containing  salts 

of  Ammonia 


10*17     7*07...  iB* 
4-13     9*87...  13- 

I375|*i7*63-..  la* 
0*17    i2*6o...    8* 

62*62  49-77...  46* 


0*96 
8*20 


100*00...  100*00 100*00...  lOO'OO 
2*11...    3*oi     0*23...    0*31 

20*57...  IS'39  33*33—  36*02 


lOO'OO.. 

o-ii., 
19*10.. 


.100*00 
•    o*57 

.  21-43 


0*06... 
3*00... 


I- 

2- 


100-00...  100*00 
1-28...       I* 

27*50...    19* 


interior  of  the  fragments.  Superphosphates  from  bone-ash,  on 
the  other  hand,  contain  a  mere  trifle  of  ammonia,  and,  when  well 
made,  a  very  large  quantity  of  hiphosphate  of  calcium.  Their 
quality  differs  very  greatly,  and  depends  of  course  on  that  of  the 
bone- ash  employed,  which  can  rarely  be  obtained  of  quality 
sufficient  to  yield  more  than  30  or  35  per  cent,  of  soluble 
phosphates. 

Coprolites  are  seldom  used  alone  for  the  manufacture  of 
superphosphates,  but  are  generally  mixed  with  bone-ash  and  bone- 
dust.  Mixtures  containing  salts  of  ammonia,  flesh,  blood,  &c., 
are  also  largely  manufactured,  and  some  are  now  produced  con** 
taining  as  much  as  4  or  5  per  cent,  of  ammonia^  and  the  consump* 
tion  of  such  articles  is  largely  increasing. 

The  following  analyses  (^Vitoerson)  illustrate  the  composition 
of  some  inferior  varieties  of  superphosphates,  in  the  manufacture 
of  which  the  quantity  of  sulphuric  acid  has  been  reduced,  and 
consequently  containing  a  smaller  proportion  of  soluble  phos- 
phates. These  manures  are  sold  in  the  market  for  much  more  than 
they  are  really  worth : — 

Water 21*60 

Organic  matter  and  ammoniacal  salts  1 1*62 

Biphosphate  of  calcium 

Insoluble  phosphates 

Sulphate  of  calcium 

Alkaline  salts  . 

Sand       • 


Ammonia 


21*00 

5*37 

7-19 

11*62 

13-91 

8*8o 

2*98 

2 -02 

6*42 

25-70 

15-80 

14-03 

23*60 

47-52 

51-93 

10-70 

373 

3*43 

3-80 

11*65 

8*20 

100*00 

100-00 

lOOOO 

I '32 

0-59 

0*33 

8 


Bonea. — The  niADuriid  vulue  of  bones  is  dependent  pArtlj  on 
their  phoapbAtea  and  pnrtl;  on  the  nitrogen  they  yield.  The  fol- 
lowing points  should  be  attended  to  in  estimftting  the  raliie  tX  B 
««pl«:- 

I.  Bdtnmnallon  of  Water. — A  weighed  quantity  is  dried  in 
the  wfttur-ovcu,  until  the  weight  remiunB  constant. 

II.  Dcterimiiatioit  of  the  Total  Amount  qfjlred  Oaattitaeiift, — 
Introduce  into  a  platinum  crucible  about  20  ((rains  of  the  bone  in 
a  coarse  powder ;  place  the  crucible  in  nn  oblique  position  over 
the  gns  01  Bpiiit-bumer,  and  allow  it  to  remain  until  the  ash  has 
become  quite  white  j  the  burning  bonesbould  be  turned  over  train 
timo  to  time  with  a  plntinura  wire ;  when  cold,  weigh  the  remdue. 

III.  Determination  of  Vie  AmoioU  of  Sand. — Digest  about  20 
I^TUos  (or  the  residue  of  n.)  with  dilute  hydrochloric  acid}  throw 
on  a  filler:  wash,  dry,  ignite,  and  weigh  the  residue. 

IV.  Deteiniiiialion  of  Liine  and  PAoiphoHc Acid. — To  thefiltnte 
from  the  sand  (ill.)  add  a  few  drops  of  ammonia,  so  as  nesrlj  to 
neutralizetbeltquor,  then  add  oxalate  of  ammonium,  boil,  and  Uien 
excess  of  acetate  of  ammonium ;  allow  the  precipitated  oxalate  of 
calcium  to  subside,  then  filter  it  off,  convert  it  into  sulphate,  and 
-neigh.  To  tlie  filtrnte  from  the  oxalate  of  calcium  add  tartaric 
acid,  and  then  nninionin-aulphate  of  magnesium,  and  well  agitate ; 
filter  off,  after  standing  for  a  day;  wash  the  prscipitate  o 
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quantity  of  that  substance  which  he  may  be  compelled  to  take 
along  with  the  former,  but  will  look  only  to  the  source  from 
which  he  can  obtain  it  most  cheaply.  It  may  be  as  well,  there- 
fore, to  point  out  that  ammonia  is  most  cheaply  purchased  in 
Feruvian  guano,  insoluhle  phosphates  in  coprolites,  and  soluble 
phophates  in  superphosphates  made  from  bone-ash  alone.' 

The  bones  used  in  agriculture  are  chiefly  those  of  cattle.  The 
following  composition  of  the  bones  of  the  cow  represents  very 
nearly  that  of  a  genuine  sample :  — 

Organic  matter  (gelatine)    .        .        •        •     33*25 


Phosphate  of  calcium  . 
Phosphate  of  magnesium 
Carbonate  of  calcium  . 
Soda  and  common  salt 
Chloride  of  calcium     . 


55-50 
300 

375 

350 
i-oo 


lOO'OO 


But  bones  are  met  with  in  commerce  in  other  forms,  in  which 
their  organic  matter  has  been  extracted,  either  by  boiling  or  by 
burning;  the  latter  is  very  common  in  the  form  of  the  spent 
animal  charcoal  of  the  sugar  refiners,  which  usually  contains  &om 
70  to  80  per  cent  of  phosphate  of  calcium.  It  was  formerly  con- 
sidered that  the  efficacy  of  bones  as  a  manure  depends  solely  on 
the  quantity  of  phosphate  which  they  contain ;  but  the  benefit 
derived  from  the  nitrogenous  constituent,  which  in  the  soil 
eventually  takes  the  form  of  ammonia,  is  now  fully  recognized. 
The  gelatine  or  organic  part  of  bones  consists  of — 

Carbon 50*37 

Hydrogen 6*33 

Nitrogen i7'95 

Oxygen 25*35 

loo-oo 

So  that,  supposing  this  animal  substance  to  be  decomposed  in  the 
soil,  the  quantity  of  it  in  100  lbs.  of  dry  bone  is  sufficient  to  pro- 
duce upwards  of  6^  lbs.  of  ammonia,  as  much  as  is  present  in 
20  lbs.  of  sal-ammoniac,  or  in  30  lbs.  of  crystallized  sulphate  of 
ammonium.  Ltebiq  has  indeed  advanced  the  opinion  that  the 
ammonia  of  the  atmosphere  will  give  nitrogen  enough  to  the  plant, 
provided  the  soil  be  sufficiently  supplied  with  the  mineral  matters 
which  it  requires;  but  it  is  well  known  that  the  exhausting 
stifTening-liquor  for  calicoes — which  in  Manchester  is  largely  made 
from  bones  by  boiling  them  under  pressure — has  been  applied  as 
a  liquid  manure  to  grass  lands  with  the  greatest  success.  Some 
years  ago,  at  the  suggestion  of  the  late  Professor  Johnston,  a  series 

82 
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of  exprimenta  w(is  mode  in  Scotland  to  teet  tl3e  relative  rnlus  of 
burnt  and  unburnt  bones,  nnd  the  general  results  were  theie : — 

ist.  Tlint  ivhole  bones,  under  favourable  conditions,  seldooi 
foil  in  rnisitig  an  average  crop  of  turnips. 

;iid.  That  burnt  bones,  in  equivalent  quantity,  do  not  alwaya 
succeed  in  raising  an  aversKe  crop. 

3rd.  Tlint  when  to  tbe  burnt  bones  a  Bufficient-y  of  organic 
matter  iu  the  form  of  farm-ynrd  manure  whs  added,  then  burnt 
bones  produced  the  usual  elFecta  of  whole  bonea.  'i'ho  fitrmer's 
surest  reliance  will  therefore  be  on  entire  bones,  especially  if  there 
be  a  deficiency  of  organic  matter  in  his  soii. 

ZHBXCUICT  (QulcksilTer). — Mercury  is  a  metal  which,  at 
the  ordinary  temperature,  is  Quid,  of  a  silver  white  colour,  with  a 
tinge  of  blue;  very  bright,  tasteless,  inodorous;  specific  gravity 
13'55S.  It  boils  at  about  600°  Fahr.,  and  may  be  distilled.  Mer- 
cury is  not  very  perceptibly  acted  upon  by  cipoauie  to  tbo  air, 
but  when  adulterated  by  other  tnetak,  especially  by  tin,  it 
becomes  coaTcrlcd  into  n  black  powder,  which  yields  oxygen  when 
heated,  the  mercury  being  at  the  same  lime  revived. 

Mercury,  aa  it  is  met  with  in  commerce,  is  generally  very 
pure,  yet  it  is  often  adulterated  with  lead,  tin,  binniith ;  sometimes 
also  it  contains  capper.  These  impurities,  however,  are  easily 
detected,  because  pure  mercury  does  not  adhero  to  glass,  chic 
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or  covered  with  a  film,  or  with  a  black  powder,  or  does  not  readily 
separate  into  round  brilliant  globules,  it  is  not  pure. 

Mercury  being  completely  volatilized  by  heat,  distillation 
offers  an  easy  means  of  separating  it  from  the  other  metals  with 
which  it  may  be  mixed.  The  distillation  may  be  efik^ted  in  a 
bent  iron  tube,  or  in  an  iron  retort  provided  with  a  bent  iron  tube 
connected  with  a  receiver,  or  in  strong  glass  retorts,  as  used  in 
the  usual  way  for  liquids ;  the  impurities  remain  in  the  retort. 

When  mercury  is  distilled  in  a  glass  retort,  it  is  advisable  to 
mix  with  it  about  one-third  or  one-fourth  of  its  weight  of  iron 
filings,  and  the  neck  of  the  retort  should  be  connected  with  a 
receiver  half  full  of  water ;  the  opening  or  extremity  of  the  re- 
tort should  be  adjusted  so  as  to  reach  the  surface  of  the  water 
without  plunging  into  it.  If  the  neck  of  the  retort  is  too  short, 
it  may  be  lengthened  by  a  glass  tube  or  by  a  roll  of  paper. 

M.  MiLLON  remarked,  that  the  presence  of  certain  metals,  such 
as  lead  and  tin,  impede  considerably  the  distilling  of  mercury; 
which  is,  on  the  contrary,  accelerated  by  other  metals,  such  aa 
platinum.  M.  Babreswill  has  shown  that  this  effect  is  due,  in 
the  first  case,  to  a  pellicle  of  oxide  from  the  oxidizable  metals, 
which,  covering  the  surface  of  the  mercury,  prevents  its  volatili- 
zation.   A  layer  of  oil  or  of  resin  acts  in  the  same  way. 

When  the  mercury  contains  arsenic  or  zinc,  a  portion  of  the 
zinc  and  the  whole  of  the  arsenic  distil  over  with  the  mercury. 
In  such  a  case,  the  mercury  should  be  treated  by  dilute  nitric 
acid,  and  the  whole  should  be  well  shaken.  The  firsenic  and 
zinc,  and,  In  fact,  all  the  metals  which  it  contains,  may  be  thus 
eliminated,  except  tin ;  in  the  latter  case,  hydrochloric  acid  may 
ho  used,  and  a  gentle  heat  applied. 

The  presence  of  arsenic  is  detected  in  the  above  solution  by 
passing  a  stream  of  sulphuretted  hydrogen  through  it,  collecting 
the  precipitated  sulphide  on  a  filter,  and  examining  it  before  the 
blow-pipe  with  soda  upon  charcoal.  An  odour  of  garlic  is  in- 
dicative of  the  presence  of  arsenic. 

BSercury,  Oxide  of  (Hed  Odide  of  Mercury,  Nitric  Oxide  of 
Mercury,  Precipitate  per  se), — Oxide  of  mercury  is  ordinarily  in 
the  form  of  a  crystalline  powder  of  a  red  or  orange-red  colour, 
which  becomes  yellowish  when  reduced  into  very  fine  powder, 
veiy  slightly  soluble  in  water;  the  solution  renders  syrup  of 
violets  green.  When  heated,  peroxide  of  mercury  turns  black, 
but  it  becomes  red  again  on  cooling.  At  40x3^  it  is  i*esolved  nto 
mercury,  and  oxygen  is  evolved. 

Peroxide  of  mercury  is  sometimes  adulterated  with  red  lead, 
or  with   brick-^ust.    This  fraud  may  be  detected  by  heating  a 
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porlinn  nf  il  in  n  "Tuall  German  glcus  tuba,  [biased  nt  one  end, 
until  the  pi-ro\ide  of  mercury  is  completely  decompoEed ;  n  fiued 
tetoduum  of  protoxide  nflmd  will  then  be  left,  or,  if  brick-dnst  is 
present,  it  ii  ill  remnin  unaltered  in  the  tube ;  or  n  portion  of  tha 
peroxide  of  mercurv  mnj  be  bented  or  chnrcoal  befora  the  blow- 
pipe, 'n'lien  tlie  lend  or  the  brick-dust  will  be  left  an  the  cburcoal, 
by  which  nieima  tlie  fmud  niHy  bo  nt  once  detected. 

Kercnrr.  Chloride  of  {Cnlomd,  A(piila  Alba,  JtUrcttriiur 
Jhilcigj. — Cnloiiiel  is  a  compound  of  merciirv  anJ  chlorine; 
wliite,  inodorous,  Inateless,  seini-trnnapareDt,  Tolntiliznble  by 
hent,  but  leES  readily  than  coi'TOsire  aublimftte.  When  pulverized 
it  bns  H  pale  yellow  colour,  but  it  becomes  hlnckiah  or  grey  by 
exposure  to  solnr  ligKt.  It  ia  almost  insoluble  in  m/i/  water,  bat 
is  soluble  ill  about  1 2,000  portji  of  boiling  wnter. 

Calomel  is  often  adulterated,  to  n  considerable  extent,  by  nn 
iidniixturo  of  vorioua  white  powders,  such  aa  chall;  iiilphaU  of 
hnriuvi,  Khi'te  lead,  nnd  is  sometinies  conlnminated  by  Eome  cor- 
ri'five  eiihlimnle  cnrelesaly  left  in  it  by  insufficient  waabiug';  alao 
by  common  fall  and  by  sal-ammoniiic. 

Ab,  however,  calomel  is  completely  Tolatiliznble  by  heat,  tha 
fiscd  impurities  miiy  be  readily  detected  and  det4.'nnined  by 
ipuiting-  a  given  weight  of  the  Bnmple. 

In  order  to  ascertiiin  the  nature  of  the  iiied  impurities,  the 
^e^idltuJn  left  nfttr   isniti^n  should  Ix'   trentcd  i>y  dilute  hydro- 
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The  presence  of  corrosive  sublimate  is  always  an  unintentional 
impurity  resulting  from  carelessness,  or  neglect ;  the  presence  of 
this  Tirulent  poison  is  detected  in  calomel  by  pouring  cold  water 
on  a  given  weight  of  the  sample,  and  throwing  the  whole  on  a 
paper  filter.  The  cold  water  dissolves  the  corrosive  sublimate  and 
filters  through,  whilst  the  calomel  remains  altogether  on  the  filter. 
The  filtrate,  being  now  tested  by  solution  of  nitrate  of  silver,  will 
produce  a  white  precipitate  of  chloride  of  silver ;  or  a  black  precipi- 
tate of  sulphide  of  mercury,  if  tested  by  sulphretted  hydrogen. 

The  presence  of  corrosive  sublimate  may  also  be  detected  by 
digesting  the  calomel  in  alcohol  and  adding  caustic  potash  to  the 
liquor.  The  corrosive  sublimate  (if  any  have  dissolved)  will 
then  produce  a  yellow  or  reddish-brown  precipitate  of  hydrate  of 
oxide  of  mercury. 

BSeroory,  Bioliloride  of  (Corrosive  Sublimate), — Corrosive 
sublimate  is  a  compound  of  mercury  and  chlorine.  It  has  a 
nauseous,  disagreeable,  and  persisting  metallic  taste.  It  is 
generally  met  with  in  commerce  in  white,  acicular,  imperfectly 
crystallized  masses,  semi-transparent  on  the  edges,  convex,  even, 
and  shining  on  one  side,  concave,  and  full  of  small  confused 
crystals  on  the  other  side;  sometimes  also  in  small  detached 
crystals  which  slightly  efiloresco  by  exposure.  It  is  a  most  viru- 
lent poison.    The  specific  gravity  of  corrosive  sublimate  is  5*298. 

Corrosive  sublimate  is  generally  pure.  Exposed  to  a  red-heat, 
it  should  liquefy  and  then  volatilize  entirely.  At  a  less  degree  of 
temperature  it  volatilizes  also  without  undergoing  fusion.  It 
should  dissolve  completely  in  sulphuric  ether,  and  likewise  in  three 
parts  of  cold  alcohol.  It  is  totally  soluble  in  water,  and  ether 
takes  it  up  from  its  aqueous  solution.  If  it  contains  any  chloride 
of  mercury  (calomel),  a  residuum  is  left  when  dissolved  in  water, 
calomel  being  insoluble  in  that  menstruum. 

The  aqueous  solution  of  corrosive  sublimate  is  decomposed 
and  precipitated  by  lime-water,  or  by  solution  of  potash  in  the 
form  of  a  yellow  precipitate,  which  precipitate  should  also  be 
completely  volatilizable  by  heat.  Any  residuum  is  an  imparity, 
the  amount  of  which  may  be  directly  ascertained  by  weighing. 

mUL, — Milk  is  a  peculiar  and  well  known  liquid  secreted  by 
mammiferous  animals  for  the  nourishment  of  their  young.  It 
consists,  besides  water,  of  organic  substances  destitute  of 
nitrogen — sugar  and  buUer;  and  of  an  organic  substance  con- 
taining nitrogen  in  considerable  quantity — the  curd  or  casein.  It 
contains,  moreover,  inorganic  or  saline  matter,  partly  soluble  and 
partly  insoluble  in  pure  water. 

llie  proportions  of  these  several  constituents  vary  in  different 
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animals.  This  appeflra  in  the  following  Table,  which  exhibits  the 
composition  of  the  millc  of  several  auimals  in  its  ordinal^  state, 
according  to  the  anal r sea  of  Hbhbt  aodCHXVALiEB  (*  Jofanalon'a 

Agricultural  Chemiatrj  ') : — 


The  milk  froui  the  cow,  the  goat,  and  the  ewe  contains, 
according  to  this  Table,  much  more  cheesy  matter  than  that  of  the 
womau  or  the  nss.  It  is  probablj  the  similarity  of  asses'  milk  to 
that  of  the  woman,  together  with  its  deficiency  in  butter,  which 
from  the  most  remote  limes  has  recommended  it  to  invalids  as  a 
light  and  easily  digested  drink. 

Gencriil  charaderg  of  pure  Cow's  MUk. — The  milk  from  tha  cow 
alone  is  the  object  of  this  article.  Genuine  cow's  milk  is  ofawhita 
or  slightly  yellowish -while  colour,  opaque,  heavier  than  water 
usually  in  the  proportion  of  about  1-030  to  i-ooo.  When  newly 
taken  from  the  animal,  it  is  almost  always  distinctly  alkaline.  It 
speedily  loses  this  character,  however,  whezi  eiposed  lo  the  air, 
and  hence  even  new  milk  often  exhibita  a  ^Ught  degree  of  acidity. 
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Tbe  composition  of  milk  is  here  ^ven : — 


Milk 


f 
"Cream  4 


Butter. 


I  Solid  fat     z  Stearine 

l^iuidfat {"Butyrine 


Buttcr-milk 

Matter    coa- 
gulable 


f  Caseum 

\  Serum  or  whcv 


>a-f  By  rennet 4Ca8eam 

...  i  By  acetic  acid 


Skim 
milk 


Whey 

or 
I  serum 


Saccharine  matter 

Azotized  matter . 

rSoluble  in  alcohol 


Salts 


5Zeigerorserai 

6  Sugar  of  milk 

7  Osmazome 

8  Alkaline  and 
earthy  lac- 
tates        and 

Soluble  in  water,  i       Pjl'!??^**^.., 
««* :«  „i«^K^i     r  9  Alkalme   sul- 
not  m  alcohol.;   5/ ^^^^^^^      ^^ 

phosphates 
.Insoluble  in  water    10  Earthy     and 

ferruginous 
phosphates 


Milk  is  therefore  essentially  a  mixture  of  cream  and  of  skim- 
milk.     The  creaiu,  which  consists  of  butter  and  caseum,  is  lighter 
than  the  skimmed  milk^  which  consists  of  caseum,  sugar,  sugar 
of  milk,  and  various  salts. 
BEitzELius  gave  the  following  analysis  of  skimmed  milk: — 


Water        .        .     ^    . 
Caseum  and  butter    . 
Sugar  of  milk     . 
Alcoholic  extract  and  lactates 
Cliloride  of  potassium 
Phosphate  of  alkali    . 
Phosphate  of  lime,  calcium  combined  with  \ 
the  caseum,  magnesia,  and  traces  of  iron  J 


928.75 

26.00 

35.00 

6.00 

1.70 

0.25 

2.30 
1000.00 


As  cream  separates  completely  from  milk  after  several  hoars' 
standing,  the  measurement  of  the  quantity  of  cream  given  bj  it 
might  therefore  be  taken  as  a  criterion  of  the  quality  of  the 
milk.  For  this  purpose,  on  instrument  called  a  '  ffoiactotneter '  is 
sold  by  philosophicid  instrument-makers,  by  means  of  which  the 
quantity  of  cream  contained  in  milk  can  be  approximatelj 
estimated,  the  proportion  of  which  of  coarse  represents  the 
relative  value  of  milk. 

The  gulactometer  is  simply  a  large  tube  divided  into  100  equal 
parts.  The  milk  to  be  examined  is  poured  into  the  tube  up  to 
o,  and  the  whole  is  left  in  a  clean  and  cool  place  for  10  or  12 
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hours  in  summer,  and  from  15  to  i6  in  winter.    At  tlie  and  of 

tbat  lime  tlic  whole  of  tlie  cream  will  have  risea  up,  and  tlis 

quantity  per  cent,  of  the  crami  contained 

^'  '^'  in  the  milk  ia  then  determined  h;  th«' 

iiimilyr  nf  di'gri.ies  occupi-jd  hy  the  creniu. 

The  tbickncss  or  stratum  of  cream  ioi 
pure  milk  is  generally  frooi  S  to  S\.  If  thw 
milk  submitted  to  ex  peri  meat  has  bees' 
mixed,  for  exnmple,  with  ooc-third  of 
water,  the  quantity  of  crenm  produced 
will  be  reduced  to  6j  ;  if  mi;cetl  with  half 
waier,  5 ;  EUid  if  adulterated  with  two- 
thirds  of  it£  volume,  the  creaiii  is  only  3, 
per  cent,  of  the  hulk.  Such  na  instrumeut 
mny  evidently  prore  useful  to  the  con- 
sumer, but  more  especially  so  to  the  fat- 
mer,  who  may  thco  ascerUin  the  relalive 
iuQuence  of  various  kinds  of  food  on  the 
quality  of  the  milk  given  by  his  cattle,  and 
consequently  the  relative  value  of  his  nulch- 
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analyzed,  was  found  to  contain  12^  per  cent,  of  solid  matter, 
including  3^  per  cent,  of  fat  (pure  butter),  and  the  same  per- 
centage of  curd ;  showing  that  on  both  farms  where  the  cows  were 
supplied  with  a  sufficient  amount  of  nitrogenous  food  the  milk 
was  of  good  quality,  whereas  on  the  college  farm  the  scanty  supply 
of  poor  grass  had  the  effect  of  producing  poor  milk  containing 
96  per  cent,  of  water  and  only  2  per  cent,  of  fat.  Th& 
influence  of  food  on  the  quality  of  milk  was  also  clearly 
visible  in  the  cows  of  the  College  farm.  On  account  of  the 
insufficiency  of  the  grass  the  ewes  were  driven  into  stall, 
and  there  supplied  with  roots,  hay,  and  meal.  The  milk  became 
better  at  once,  for  the  mornings'  yield  then  contained  12^  per  cent, 
of  solid  matter,  nnd  in  this  nearly  4  per  cent  of  butter.  The 
concentrated  food  which  the  cows  received  in  the  evening  was 
evidently  made  into  good  rich  milk  during  the  night.  At  this 
time  the  cows  were  put  on  grass  early  in  the  morning,  and  allowed 
to  pick  up  what  they  could.  This  was  not  much,  as  their  anxiety 
in  the  evening  to  bo  let  into  their  stalls  clearly  showed.  The 
influence  of  a  stinted  supply  of  gi'ass  was  noticed  at  once  in  the 
poverty  of  the  evenings'  miik.  The  percentage  of  solid  matter  fell 
to  9|  instead  of  1 2 J  per  cent.,  and  the  butter  to  3  instead  of  4. 
per  cent.  Especial  attention  is  directed  to  the  fact  that  these 
analyses  were  not  made  from  the  milk  of  a  single  cow,  but  of  the 
whole  herd,  and  as  the  milch-cows  were  kept  entirely  for  the  use 
of  the  College  there  can  be  no  question  as  to  the  genuineness 
of  the  supply. 

*  A  great  deal,'  observes  Dr.  Voelcker,  '  has  been  said  and 
written  about  milk  adulterations — sheeps*  brains,  starch,  chalk, 
and  pipe-clay — which  are  said  (on  what  authority  nobody  has 
ever  decided)  to  have  been  found  in  milk,  only  exist  in  the 
imagination  of  the  credulous  or  half-informed.  It  would  be 
difficult  to  understand  where  all  the  sheeps'  brains  could  come 
from  ;  nor  is  it  probable  that  chalk  or  other  insoluble  substances 
not  easily  kept  in  suspension  should  be  employed  in  adulterating 
milk.  Milk  adulteration  resolves  itself  into  one  of  two  things : 
either  the  addition  of  water  or  the  abstraction  of  cre4im ;  and  the 
question  which  naturally  arises  is.  Can  we  detect  to  a  nicety  how 
much  water  has  been  added,  or  how  much  cream  has  been 
abstracted  from  a  given  sample  ? '  Dr.^VoELCKBR  expresses  his 
strong  opinion — the  result  of  many  years'  experience — that  owing  to 
the  natural  variations  in  milk  it  is  utterly  impossible  to  ascertain 
whether  in  all  cases  a  small  quantity  of  cream  has  been  removed 
from  milk,  or  an  inconsiderable  proportion  of  water  has  been 
added  to  it  -,  and  he  maintains  that  it  is  a  reckless  proceeding  on 
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cent  of  dry  matter^  and  in  this  about  2^  per  cent,  of  pure  fat  It 
yields  9  to  10  per  cent,  of  cream,  and  has  a  specific  gravity  of 
of  about  I  030.  Poor  milk  contains  90  per  cent  or  more  water, 
and  has  lower  specific  gravity  than  1*027.  Such  milk  yields  not 
more  than  6  to  8  per  cent,  of  cream.  Skimmed  milk  throws  up 
still  less  cream,  has  a  bluer  colour,  is  more  transparent,  and 
when  undiluted  with  water  has  a  slightly  higher  specific  gravity 
than  new  milk.  Good  skimmed  milk  has  a  specific  gravity  of 
I '033,  and  poor  skimmed  milk  1*028  to  1*030.  Milk  purposely 
watered  yields  only  5  to  6  per  cent,  of  cream,  and  invariably  has 
a  lower  specific  gravity  than  1*025.  If  milk  is  both  skimmed  and 
watered,  it  yields  less  than  4  per  cent,  of  cream,  and  possesses  as 
low  a  specific  gravity  as  1*025  to  1*026.  Specific  gravity  is 
within  certain  limits  the  most  trustworthy  indicator  of  quality. 
Cream  is  lighter  than  milk,  but  denser  than  water  in  the  pro- 
portion of  ro  1 2  or  even  1*019  to  I'ooo*  The  addition  of  cream 
cannot,  therefore,  depress  the  specific  gravity  of  milk  in  the  same 
degree  as  the  addition  of  water.  A  low  specific  gravity  thus 
always  indicates  a  large  proportion  of  water.  The  results  of  some 
accurate  gravity  determinations  of  pure  milk,  milk  after  skimming, 
and  milk  purposely  mixed  with  10  to  50  per  cent,  of  water, 
showed  Dr.  Voelcker  that  good  pure  milk  has  a  specific  gravity 
of  I  '030 ;  skimmed  milk  a  little  higher ;  and  that  milk  having  a 
specific  jcravity  as  low  as  1*025  i^  either  very  poor  or  has 
been  mixed  with  water.  If  the  gravity  should  sink  to  i  *o23  or  less, 
the  millc  has  been  mixed  with  a  considerable  quantity  of  water. 

Separation  and  Estimation  of  the  Cottstitttents  of  Milk. — For 
many  purposes  a  rough  examination  may  be  made  as  follows 
(Johnston's  '  Agricultural  Chemistry ')  : — 

1 .  If  a  weighed  quantity  of  milk  be  allowed  to  stand  for  a 
sufficient  length  of  time  the  cream  will  rise  to  the  top,  and  may 
easily  be  skimmed  off.  If  this  cream  be  gently  heated,  the  butter, 
in  an  oily  form,  will  collect  upon  the  surface,  and  when  cold 
may  be  separated  from  the  water  beneath  and  its  weight 
determined. 

2.  If  the  skimmed  milk  be  gently  warmed  and  a  little  vinegar 
or  rennet  then  added  to  it,  the  curd  will  separate,  and  may  be 
collected  in  a  cloth,  pressed,  dried,  and  weighed. 

3.  If  a  second  equal  portion  of  the  milk  be  weighed,  and 
then  evaporated  to  dryness  by  a  gentle  heat  and  then  weighed, 
the  loss  will  be  the  quantity  of  water  which  the  milk  contained. 

4.  If  now  the  dned  milk  be  burned  in  the  air  till  all  the 
combustible  matter  disappears,  and  the  residue  be  weighed,  the 
quantity  of  inorganic  saline  matter  will  be  determined* 
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5.  Suppose  these  processes  to  be  peribimed  witK  tolermlile 
accuracj,  the  diFTerence  between  the  anm  of  the  wdght  of  tlia 
wnter,  bulter,  curd,  and  ash,  and  the  veight  of  the  milk  employed, 
will  'nenrly  represent  that  of  the  sugw  combined  in  the  given 
{[uantity  of  milk. 

When,  liuwever,  anything  like  an  accurate  analjns  ierequiied, 
the  following  method  (Haidles,  'Annal,  derChem.  and  Phaim.', 
Tol.  liv.  p.  263)  may  be  adopted; — 

(e.)  The  Butter. — The  weighed  quantity  of  milk  istmixed  with 
one-sixth  of  its  weight  of  common  nnbuint  gypsum,  previooal^ 
reduced  to  a  V017  floe  powder.  The  whole  is  then  evaporated  to 
dryness,  with  frequent  stimng  at  the  heat  of  boiling  wnter.  A 
brittle  mnss  is  obtained,  which  is  reduced  to  fine  powder.  By 
digesting  this  powder  in  ether,  the  whole  butter  is  dissolTed  out, 
and,  by  evspomling  the  ether,  may  be  obtiuned  in  &  pure  state 
and  weighed,  or  the  powder  itself,  after  being  treated  with  ether, 
may  be  dried  and  weighed.  The  butter  is  then  estimated  bj  the 
loss. 

(b.)  TAa  Sugar.— Ahet  the  removal  of  the  butter,  alcohol  is 
poured  upon  the  powder  end  digested  with  it  This  takes  up  tho 
augur  with  a  little  saline  matter  soluble  in  alcohol.  By  evapo- 
ratbg  this  solution  and  weighing  the  dry  residue,  the  quantity 
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duce  it  to  a  fine  powder;  agfdn  dry  at  212°  on  the  water-batH  to 
expel  any  water  which  the  residue  may  have  absorbed  during  the 
powdering.  The  weight  of  this  residue  should  be  from  55  to  60 
grains. 

(d.)  Determine  the  amount  of  nitrogen  in  about  12  grains  of 
the  residue  by  combustion  with  soda-lime,  and  calculate  the 
amount  of  nitrogen ;  this,  multiplied  by  6*25  grains,  gives  the 
amount  of  the  nitrogenous  constituents  of  the  milk  (casein  and 
clhumen,) 

(e.)  Take  from  20  to  25  grains  of  the  dry  residue  and  exhaust 
with  ether  for  the  determination  of  the  fat    This  is  best  done  by 
placing  the  powder  in  small  separate  portions  between  cotton- 
wool in  an  ether-extracting  apparatus,  consisting  of  a  piece  of 
glass  tube  such  as  is  used  for  organic  analyses,  drawn  out  some- 
what at  one  end,  and  passed  air-tight  through  the  cork  of  a  small 
£ask,  A,  which  flask  is  connected  with  another  similar  flask,  b,  by 
means  of  a  bent  glass  tube,  as  in  the  alkalimetrical  apparatus  of 
Fbesenits  and  Will,  described  in  the  article  on  AJkalinietry, 
If  the  powdered  residue  be  divided  in  this  matter  between  cotton 
wool,  it  does  not  clog,  and  the  extraction  of  the  fat  is  rapid.    In 
the  elongated  end  of  the  extracting  tube  a  plug  of  cotton-wool  is 
placed:  this  forms  an  efficient  filter.    About  three-quarters  of 
an  ounce  of  ether  is  placed  in  flask  A,  which  is  then  gently 
heated  by  placing  it  in  some  warm  water;   the  ether  vapour 
passes  through  the  tubes  and  condenses  in  flask  b,  placed  in  a 
beaker  of  cold  water.    By  removing  the  two  flasks  from  the  warm 
and  the  cold  water,  the  ether  runs  back  from  B,  and  passes  through 
the  milk  residue  and  cotton,  and  extracts  the  fat.    This  process  is 
repeated  three  or  four  times,  until  a  drop  of  ether,  passing  through 
the  cotton,  leaves  no  residue  on  evaporation  in  a  watch-glass. 
Finally,  the  ether  is  distilled  ofl"  into  flask  B  for  the  greater  part, 
and  the  solution  of  fat  in  ether  in  flask  A  is  evaporated  in  a  small 
weighed  beaker  and  dried  at  212°. 

(f.)  In  the  rest  of  the  dry  residue,  the  ash  or  mineral  matter 
is  determined  by  careful  incineration  in  a  small  platinum  dish. 

These  experiments  give  data  for  the  determination  of  water ^ 
casein,  and  ash]  the  dificrence  is  the  milk  sugar.    In  another 
portion  of  milk  the  amount  of  cream  is  ascertfdned  in  the  lac- 
tometer, and  the  specific  gravity  determined. 
MZirzirM.    See  Heb  Lead. 

MOSTARS  (BTBSiLirZiXC).     See  Lt&IE. 
»KTO JSXST.    See  Mabdeb. 
MnntZATXs  or  ammoxtza.    See  Sal  Auhoniac. 
BCintZATZG  AGIO.    /See  HydboChlobic  AciB« 
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MVSK.— Musk  is  a  substance  of  s  pecuUar  and  well-knowa 
odour,  secreted  in  ei  bng  hj  the  male  tnosk-deer  (^Afotchiu  moielti- 
Jenu,  a  species  o!  cheviotain  belongiug  to  the  moechidfe,  or  mntk 
tribe),  closely  resembliog  the  deer  in  its  general  form  and  appear 
anee,  inbnbitin^  th a  mountainous  Kirgenan  and  Sangorian  steppes 
of  the  Altai,  on  tho  river  Irtjscb,  extending  eastnard  as  far  m 
the  river  Jenesi  and  lake  B^kal.  It  eiisbi  also  in  Uongolisi, 
Thibet,  and  Butan,  as  far  aa  Tonquin,  and  generallf  in  the  moun- 
tains of  Eastern  Asia,  ranging  between  30°  and  60°  of  latitude. 
The  musk  is  found,  as  above  said,  in  a  bag-  imder  the  belly  of  the 
male  animal,  and  conaiate  of  sereial  superposed  membranes  ex- 
ternally covered  by  the  pldn  and  hiur.  Musk,  as  found  in  com- 
meice,  is  solid  and  granular,  of  a  peculiar,  pereiBting-,  and  well- 
knonn  odour. 

In  trade,  two  distinct  spedea  of  musk  are  known,  which  wa 
shall  distinguish  na  Musk  a,  comprising  the  Chinese,  Tonquin, 
Thi^tian,  or  Oriental  musk ;  and  Muak  b,  which  includes  tba 
Sberian,  Cabardininn,  or  Russian  musk.  These  varieliea — which 
for  the  sake  of  brevity  we  shall  term,  the  one  Russian  end  the 
other  Chinese — dilfer  materially  both  in  the  external  appearance 
of  the  bag  and  the  colour  of  the  hair  which  cavers  it,  as  weU  u 
in  their  chemical  and  physical  properties,  and  different  effects  on 
the  human  constitution. 
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The  quantity  of  water  yaries  necessarily  with  the  state  of 
dryness  of  the  musk ;  that  examined  by  MM.  Guibovbt  and 
Blonbeav  contained  0*46.  The  quantity  of  free  ammonia,  or  that 
which  is  so  feebly  combined  as  to  be  disengaged  by  desiccation, 
varies  in  the  same  manner.  The  musk  referred  to  contained 
000325. 

The  solid  and  liquid  fats  were  found  to  be  identical  with 
that  of  sheep  and  other  ruminants;  the  cholesterine  appeared 
similar  to  that  of  human  biliary  calculi. 

The  chief  exportations  of  musk,  from  the  London  market, 
are  directed  to  Hamburg,  Rotterdam,  and  St  Petersburg. 

Musk  of  an  excellent  quality  is  now  imported  from  the  United 
States  free  from  carbonate  of  calcium. 

The  following  are  the  characteristics  of  good  musk : — It  con- 
sists for  the  most  part  of  round,  oval,  slightly  flattened  and  some- 
times irregular  grains,  the  size  of  which  vaiiesfrom  that  of  a  pin's 
bend  to  that  of  a  pea,  and  concreted  together,  slightly  unctuous. 
The  colour  of  the  grains  is  deep  brown,  almost  black,  with  a  red- 
dish cast ;  when  rubbed  between  the  fingers  the  grains  crumble, 
but  no  grittiness  is  felt. 

The  principal  adulteration  of  this  costiy  substance  consists  in 
mixing  it  with  a  portion  of  the  blood  of  the  animal,  which,  how- 
ever, may  be  recognized  by  the  larger  size  of  the  grains,  which 
look  like  what  in  fact  they  are,  namely,  clots  of  blood — though  it 
should  be  observed  that  the  Chinese  roll  up  the  dried  blood  into 
pellets,  which  imitate  the  grains  of  genuine  musk  very  closely. 
If,  however,  these  grains  be  heated,  a  fetid  vapour  is  evolved, 
which  is  not  the  case  with  genuine  musk. 

AsphaUum  is  another  substance  frequentiy  used  for  adulterating 
musk,  and  also  a  kind  of  black  brittle  earth,  sand,  small  pieces 
of  lead,  heavy  spar,  water. 

AsphaUum  is  detected,  because  if  a  grain  of  the  spurious  musk 
be  placed  on  the  point  of  a  knife  and  plunged  into  the  flame  of  a 
candle,  it  will  fuse  and  inflame ;  whilst  genuine  musk  does  not 
fuse,  nor  does  it  inflame ;  it  only  becomes  charged. 

Earthy  mattery  sand,  and  other  impurities,  may  be  easily 
separated,  because  genuine  musk  is  soluble  in  sulphuric  ether,  and 
likewise  in  boiling  water,  either  of  which  menstrua  will  leave  the 
impurities  in  an  insoluble  state ;  in  genuine  mask  only  one-fourth 
of  the  weight  is  thus  left  undissolved. 

Falsifications  of  any  kind  may  further  be  detected,  because 
all  the  pods  or  bags  which  have  been  tampered  with  exhibit 
marks  of  sewing  or  stitching,  which  shows  that  the  bags  hare 
been  opened  for  the  introduction  of  th«  Bpuiioos  lubetance.    The 
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Chinese  muek-bags,  boneTer,  vlucli  iaratiftbly  have  been  opanad 
for  thfit  purpose,  are  eomeUmeB  closed  up  again,  not  by  etitching, 
but  by  gluing  the  aides  together ;  in  whidi  eate,  the  fnud  is  much 
more  difficult  to  detect  by  simple  iDspection.  A  genuine  muak- 
bag,  however,  hns  tn-o  small  openings,  which  are  sometimes  so 
contracted  snd  nnrtow  that  they  are  not  easily  discovered,  but 
whenever  they  are  wantinfr,  the  pod  is  always  spurioos.  The  aiie 
of  a  genuine  musk-bag'  varies  from  oue  to  two  and  a  half  inches  in 
diameter,  and  is  more  or  less  round.  It  is  covered  with  etifi 
yellow  or  brownish-yellow  hur,  converging  towards  the  centre. 
In  those  bags  which  have  been  obtained  from  old  animals,  the 
hair  is  less  abundant,  and  appeara  as  if  worn  out ;  it  is  also  of  a 
darker  hue.  This  is  a  «gn  of  some  importance,  becansfl  tha 
goodness  and  value  of  the  genuine  article  depends  in  a  great 
measure  upon  its  having  been  obtained  from  middle-aged  animals ; 
that  procured  from  either  too  young  or  too  old  animila  being  of 
inferior  quality.  The  presence  of  a  large  quantity  of  small  round 
grains  in  the  interior  of  the  bag  is  also  a  aure  sign  of  the  goodneas 
of  the  musk,  and  when  viewed  through  a  microscope  no  Bbroua 
particles  ^ould  be  perceived.  As  we  sud  before,  the  musk  from 
Russia  or  Siberia  is  always  pure,  and  sometinieB  so  fresh,  that 
when  cut  through  moisture  can  be  squeezed  out,  and  the  mass 
inside  is  soft  and  pappy. 

etli^f.ll      ■ 
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xemained  for  several  years  a  perfect  lumber  in  the  warehouse  at  the 
docks,  spumed  bj  all  to  whom  it  was  offered  for  sale,  and  looked 
upon  as  a  perfectly  useless  drug,  it  was  at  last  put  into  the  late  Dr. 
Normandy's  hands  by  the  importer,  for  the  purpose  of  ascertaining 
whether  any  use  could  be  made  of  it.  It  was  ascertained  that  this 
ill-received  drug  could  produce  a  black  dye  and  ink  of  surpassing 
depth  and  intensity  of  coloMTy  faster  than  that  obtained  from  the 
best  blue  galls,  and  of  a  more  jetty  hue.  It  was  found  also  that 
with  proper  management,  cotton  could  be  dyed  by  it  of  a  beautiful, 
fast,  velvet-black  colour.  The  ink  made  from  it  was  better  in 
point  of  colour,  or  at  any  rate,  at  least  equal  to  that  made  from 
the  best  galls,  and  it  resisted  the  action  of  chemical  reagents  in- 
comparably better  than  that  made  in  the  usual  manner.  With 
alum  the  extract  yielded  a  most  durable  olive  green,  also  a  brown 
colour  of  great  beauty,  on  properly  mordanted  tissues.  Experi- 
ments were  also  tried  with  it  for  tanning  leather,  and  the  result 
has  been  very  satisfactory ;  though  it  should  be  remarked  that 
the  leather  so  tanned  retained  a  dingy  olive-green  colour,  which 
for  certain  purposes  might  be  objectionable.  This  substance,  the 
use  of  which  is  scarcely  known  in  this  country,  or  which  is  at 
least  but  seldom  employed,  might  be  advantageously  substituted 
for  galls  for  most  purposes,  and  it  is  much  cheaper.  The  value 
of  the  extract  may  be  ascertained  by  gelatine,  exactly  as  for 
catechu. 

nmulB. — Myrrh  is  a  gum-resin,  met  with  in  commerce  in 
angular  pieces,  and  in  grains,  the  largest  of  which  do  not  exceed 
the  size  of  a  filbert. 

The  best  myrrh  is  transparent,  of  a  reddish-brown  colour, 
easily  broken,  and  its  fracture  exhibits  waving  lines,  of  a  lighter 
colour  than  the  mass.  It  has  a  strong,  peculiar  odour,  and  a 
bitter,  acrid,  aromatic  flavour.  The  myrrh  which  comes  from 
Abvssinia  is  sometimes  so  soft  that  it  can  be  cut  like  tallow. 
KioniNi  gives  the  following  test  for  ascertaining  the  merits  of 
that  substance  : — Pulverize  the  myrrh,  and  leave  it  mixed  for  a 
quarter  of  an  hour  with  its  own  weight  of  sal-ammoniac,  also  in 
powder ;  add  now  fifteen  times  its  weight  of  water.  If  the  mix- 
ture dissolves  completely  and  rapidly,  the  myrrh  is  pure. 

The  incineration  of  genuine  myrrh  should  not  leave  more  than 
3'6  or  3*8  of  ashes,  consisting  of  sulphate,  phosphate,  and  car- 
bonate of  calcium,  with  a  little  carbonate  and  sulphate  of  potas- 
sium, and  a  trace  of  chloride  of  potassium. 

xrxcxB&.    See  Etjpfeh-Nickel. 

xrZTSA.TB  or  POTAB8ZVM  (Saltpetre,  Vltre). — Nitrate 
of  potassium,  more  generally  called  saltpetre  or  nitre,  is  a  salt  of 
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great  commerciftl  importance,  which  ia  found  in  abundance  on  tb« 
Hiiriace  of  the  Kill,  priDcipallj  in  Ei«t  India,  Egypt,  Americ*, 
Italy,  and  Spain ;  it  b  obtained  also  bjr  lixiviatiQg  certain  anils 
called  vi/re-hede. 

Id  France  and  in  German;  nitrt-bedi  are  artiBdallj  made 
fivui  old  plaster  rubbish,  old  mortar,  and  other  calcareona  earth, 
mixed  with  refuse  Rnimid  and  vegetable  matter,  which,  putrefjing 
io  contRct  n-ilb  the  above  calcareona  salts,  forms  nitrate  of  cat- 
cinm.  Tlio  uitrate  of  calcium  is  afterwards  converted  into  nttratt 
of  potiusittin  (sMtpetre)  bj  mixture  with  wood-ashes,  and  lixi- 
viating the  whole.  For  the  parUculaie  of  this  manufacture  the 
reader  is  referred  to  DrUAS,  '  Chimie  appliqu^a  aux  Arts,'  and  to 
Dr,  Ubb's  'Dictionary  of  Arts,  Manufactures,  and  Klines.' 

The  BiUtpetre  consumed  in  England  comes  from  East  India, 
whence  it  is  imported  in  the  rough  state,  that  is,  in  broken 
crrstals,  somewhat  resembling  bay-Halt,  of  a  bronmi^h  or  greyish 
colour,  and  more  or  less  deliquescent. 

Pure  nitrate  of  potassium  is  always  an  anhydrous  salt,  but  its 
rjstiils  ordiniirilj  retain  a  small  quantity  of  water  of  inter- 
position, especinlly  when  the  ciystala  are  large.  Its  specific  gravity 
\s  I'933.  It  crystallizes  in  long  striated  siz-sided  prisms,  gene- 
rally terminated  by  diedral  summits,  and  often  cootain  longi- 
ludinal    cavities   intemnlly.     Nitrate  of  potasuum    sometimes 
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The  impurities  contained  in  rough  saltpetre  are : — 

Water. 

Chloride  of  sodium  (common  salt)  in  various  proportions. 

Nitrate  of  sodium        )  Resulting  from  the  reaction  of 

Chloride  of  potassium  j      common  salt  upon  the  nitre. 

Sulphate  of  calcium,  or  of  alkalies. 

Traces  of  organic  matter. 

The  determination  of  these  impurities,  or  the  loss  which 
results  from  the  purification  or  refining  of  nitre,  is  called  refrac- 
tion, and  is  sometimes  attended  with  difiiculties. 

There  are  various  methods  of  assaying  saltpetre ;  but  which- 
ever process  is  adopted,  great  attention  must  be  paid  in  the  taking 
of  samples,  that  they  may  represent,  when  mixed,  a  &ir  average 
of  the  quality  of  the  article. 

Valuation  of  Nitre, — I.  Method  of  Belouze  ('  Comptes  rendus,' 
January  1847). — This  is  founded  on  the  peroxidation  of  a  proto- 
salt  of  iron  by  the  oxygen  of  the  nitric  acid,  a  solution  of  per- 
manganate of  potassium  being  employed,  as  in  Marouerite^s 
process  (see  Iron),  to  indicate  the  completion  of  the  oxidation. 
The  operation  is  as  follows : — It  is  first  accurately  determined  how 
much  pure  nitrate  of  potassium  is  requisite  to  peroxidize  a  known 
weight  of  iron  dissolved  in  excess  of  hydrochloric  acid.  Pelovzb 
found  that  2  grammes  of  pure  iron  (pianoforte  wire),  dissolved  in 
a  considerable  excess  of  hydrochloric  acid,  required  from  1*212  to 
1*220  gramme;  on  an  average,  therefore,  1*216  gramme  of  pure 
nitrate  of  potassium.  He  examined  the  nature  of  the  gases  given 
off  in  this  reaction,  and  found  them  to  consist  of  hydrochloric  acid 
and  binoxide  of  nitrogen.  Converting  these  numbers  into  equiva- 
lents, they  correspond  to  6  equivalents  of  iron  and  i  equivalent  of 
nitrate  of  potassium :  the  acid  of  this  last  salt  is  decomposed, 
therefore,  into  binoxide  of  nitrogen,  which  is  disengaged,  and 
into  3  equivalents  of  oxygen,  which  deprive  the  hydrochloric  add 
of  3  equivalents  of  hydrogen  to  form  3  equivalents  of  water  and 
liberate  3  equivalents  of  chlorine,  which  produce  with  the  6 
equivalents  of  protochloride  of  iron  3  equivalents  of  perchloride. 
It  will  be  observed,  by  the  way,  that  this  decomposition  of 
nitrates  by  protosalts  of  iron  in  the  presence  of  an  excess  of  hydro- 
chloric acid  furnishes  a  method  of  preparing  binoxide  of  nitrogen. 
This  decomposition  being  established,  it  occurred  to  Pelouze  that 
it  might  be  made  the  basis  of  a  ready  and  simple  method  of  ana- 
lyzing the  nitrates.  He  found  that  the  presence  of  sulphates  and 
chlorides  in  no  way  interfered  with  the  decomposition,  in  what- 
ever proportion  they  were  present;    and  il\^i^  csvsX^  \Jasis^sst.^ 
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remained  to  he  found  a  safe  (md  read^  method  of  determiiiiDg,  in 
the  nsHH/  of  an  impure  nitrate,  the  qoaotit;  of  iron  not  per- 
oxidizi^d.  Such  a  method  hu  been  deambed  hj  Mabsusbitb, 
Suppose,  for  instance,  that,  having  operated  apon  30-S8  graina  of 
itoa  and  1877  gttdna  of  impure  nitre,  the  pennangauate  of 
potassium  indicates  tliat  3'o88  graina  of  iron  hare  not  been  per- 
oiidized,  it  may  be  concluded  that  30-88  grainB  minue  3'oSS  graina, 
or  3779  graina,  hare  been  peroxidiied.  Now,  if  the  nitre  had 
been  pure,  the  whole  50-88  graina  would  hare  been  peroxidiied  ; 
we  therefore  have  the  proportion — 

As  30-88  :  1877  :;  27-79  ■  '6'89 ; 
the  i8'77  gnuna  of  impure  nitre  conaequentlj' contain  16-89  graina 
of  nitrate  of  potasaium,  or  90  per  cent. 

The  following  example  will  iUaatrate  the  practical  debula  of 
the  method.  The  specimen  mav  be  enppoaed  to  be  taken  front  » 
sample  of  the  crude  nitre  of  commenw  as  it  is  sent  to  the 
refiner : — 

30'83  grains  of  pianoforte  wire  are  placed  in  a  flask  of  the 
capacity  of  about  10  cubic  inches,  and  on  them  are  poured  about 
1,500  gmina  of  strong  hydrochloric  acidj  the  flask  is  closed  with 
a  cork  furnished  with  a  drawn-out  tube,  and  the  iron  dissolved  at 
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As  50  :  15-44  ::  10  :  3*o88. 

3*o88  therefore  are  subtracted  from  30*88  grains  of  iron,  and  it 
may  be  concluded  that  the  remaining  27*888  have  been  per- 
oxidized  by  18*52  grains  of  crude  nitre ;  but  it  is  known  that 
30*88  grains  of  iron  represent  18*77  grains  of  pure  nitrate  of 
potassium,  the  quantity  of  that  salt  therefore  corresponding  to 
27*888  grains  of  iron  is  found  by  the  following  proportion : — 

As  30*88  :  i8*77  ::  27*888  :  16*95. 

In  the  18*52  grains  of  saltpetre  submitted  to  analysis  there  were 
therefore  16*95  grains  of  pure  nitre  =  91  '4  per  cent.  In  performing 
the  experiment,  the  operator  must  be  careful  in  guarding  against 
access  of  air,  otherwise  this  would  be  apt  to  act  upon  the  bin- 
oxide  of  nitrogen,  and  render  it  capable  of  peroxidizing  a  further 
quantity  of  iron,  so  that  the  amount  of  nitre  would  be  exagge- 
rated. However,  the  peroxidation  of  iron,  when  the  metal  is 
dissolved  in  a  strongly  acid  liquid,  is  very  slow,  as  Marguerite 
has  shown;  and  in  the  manner  of  conducting  the  process,  as 
described  above,  the  inconveience  is  avoided,  for  as  soon  as  the 
iron  has  disappeared  in  the  acid  the  flask  is  filled  with  hydrogen 
and  hydrochloric  acid  gases:  the  nitrate  which  is  introduced 
carries  with  it  but  a  mere  trace  of  air,  and  the  liquid  kept  boiling 
disengages,  by  the  drawn-out  tube,  acid  and  aqueous  vapours,  the 
issuing  forth  of  which  being  always  visible  and  readily  main- 
tained, does  not  allow  the  admission  of  any  air. 

Pelouze  states  that  he  has  confirmed  the  accuracy  of  his 
method  by  the  analysis  of  several  other  nitrates,  such  as  those  of 
sodium,  ammonium,  lead,  &c. ;  and  he  observes,  further,  that  it  will 
enable  us  to  determine  the  amount  of  water  in  certain  nitrates, 
the  composition  of  which  is  at  present  doubtful. 

This  method  has  been  subjected  to  an  elaborate  critical  exar 
mination  by  Abel  and  Bloxam  (*  Quart.  Jour.  Chem.  Soc.',  voLix. 
p.  97).  They  have  arrived  at  the  conclusion  that,  although  the 
reaction  upon  which  it  is  founded  is  perfectly  correct,  and  that 
therefore  it  frequently  happens  that  the  most  accurate  results  are 
furnished  by  it,  nevertheless  these  results  are  liable  to  contain 
disturbing  causes,  which  are  so  far  beyond  the  control  of  the 
operator  as  to  deprive  the  method  of  that  certainty  so  essential  to 
any  process  in  use  for  commercial  analysis.  These  disturbing  causes 
are — i.  The  action  of  air  upon  the  nitric  oxide  gas,  by  which 
nitric  acid  is  regenerated.  2.  The  incomplete  expulsion  of  the 
nitric  oxide  from  the  fluid,  in  consequence  of  which  it  reduces  a 
larger  quantity  of  permanganate  of  potassium  than  corresponds 
with  the  amount  of  protoxide  of  iron  contained  in.  vt\  VV^^  Vi^y^- 
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ever,  ia  only  to  be  fesrel  iu  dilute  solutions.  3.  The  erolution  ot 
nitric  Hcid  before  it  lias  acted  upon  the  protochloride  of  iron,  espe- 
cinlif  when  the  fluid  boila  rely  rapidly  after  the  addition  of  the 
nitrate,  and  when  the  excMs  of  protochloride  of  iron  is  pro- 
portionally small.  All  these  sources  of  error  may,  according  to 
FRESES109  (Liebib's  'Annalea,'  May  1858,  p.  217),  be  avoided, 
and  perfectly  aatiafactory  results  obtained,  by  tbe  folloninfc  method 
of  operating  : — Into  the  belly  of  a  tubulated  long-necked  retort, 
capable  of  coDtnining  about  300  cubic  centimetres,  ^0  fixed  that 
tbe  neck  la  directed  a  little  obliquely  upwards,  is  put  about  I '5 
pramme  of  fine  pianoforte  wire,  accurately  weighed,  and  from  30 
to  ip  cubic  centimetres  of  pnrt  fumin)r  hydrochloric  acid  are 
added.  Hydrogen  gas,  waahed  in  a  solution  of  potivsb,  ia  now 
passed  in  through  the  lubulure  by  means  of  a  glass  tube  reaching- 
about  two  centimetres  into  the  retort,  and  the  neck  of  tbe  retort 
is  united  to  a  U-shaped  tube  containing  a  little  water,  The  belly 
of  the  retort  is  placed  on  the  wnter-bath,  and  gently  heated,  till 
tne  iron  is  completely  dissolved.  It  is  then  allowed  to  cool  in  the 
current  of  hydrogen,  which  is  afterwards  Btrengthened,  and  tbe 
nitrate,  weighed  in  a  small  lube,  is  thrown  in  with  the  tube 
through  tbe  neck  of  the  retort.  The  quantity  of  the  nitrate  should 
be  calculated,  so  that  it  may  only  contain  about  o'^oo  gramme  of 
n  of  (he  neck  of  the  retort  with  tbe 
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iodide  of  potassium,  and  sets  the  iodine  at  liberty,  eyen  in  the 
cold,  but  more  completely  when  the  reaction  is  assisted  by  a 
gentle  heat.  The  free  iodine  is  estimated  by  a  normal  solution 
of  the  hyposulphite,  after  having  added  a  small  quantity  of  starch 
paste.  The  normal  solution  of  hyposulphite  of  sodium  is  pre- 
pared either  by  dissolving  a  known  weight  of  the  salt  in  a  simi- 
larly known  weight  of  water,  or  by  standardizing  with  a  solution 
of  hyposulphite  of  unknown  strength  the  iodine  set  free  by  per- 
chloride  of  iron  prepared  from  a  known  weight  of  metallic  iron. 

II.  Gay-Lttasac^B  method^  modified  by  Abel  and  Bloxam. — ^The 
nitrate  is  converted  into  carbonate  by  fusion  with  charcoal,  and 
the  amount  of  alkaline  carbonate  is  determined  by  a  standard 
solution  of  sulphuric  acid.  In  order  to  moderate  the  evolution 
of  nitrogen  gas,  a  certain  quantity  of  pure  common  salt  is  added 
to  the  mixture.  The  proportions  usually  employed  are  i  part 
of  lamp-black,  4  of  nitre,  and  24  of  salt,  to  20  of  nitre.  The 
nitre  and  charcoal  are  first  mixed  in  a  platinum  crucible  with 
a  glass  rod,  the  chloride  of  sodium  is  then  added,  and  an  intimate 
mixture  of  the  whole  is  made.  The  crucible  is  covered  and 
heated,  cautiously  at  first,  to  prevent  too  violent  deflagration,  and 
afterwards  for  a  few  minutes  at  a  red  temperature ;  when  cold, 
the  contents  of  the  crucible  are  washed  into  a  flask,  treated  with 
hot  water,  the  residual  carbon  filtered  off,  and  the  alkalinity  of 
the  solution  then  determined  by  a  normal  solution  of  sulphuric  acid. 

Abel  and  Bloxam,  who  have  thoroughly  investigated  this 
method,  likewise  Q  Quart.  Joum.  Chem.  Soc',  vol.  ix.  p.  1 10,  and 
vol.  X.  p.  107)  employ  an  acid  so  far  diluted  that  a  little  less  than 
1,000  grain-measures  are  required  to  neutralize  the  amount  of 
carbonate  of  potassium,  corresponding  to  20  grains  of  nitre.  An 
acid  of  this  description  contains  from  80  to  8*5  grains  of  anhydrous 
acid  in  i^ooo  grain-measures.  The  strength  of  the  acid  having 
been  approximately  ascertained  by  the  neutralization  of  a  known 
weight  of  carbonate  of  sodium,  is  finally  determined  with  the 
greatest  possible  accuracy  by  precipitation  as  sulphate  of  barium. 
In  performing  the  alkaHmetrical  assay,  a  suflicient  quantity  of 
aqueous  solution  of  litmus  is  added  to  impart  a  deep  blue  colour 
to  the  liquid ;  the  standard  acid  is  then  added  until  it  acquires  a 
wioe-red  tint  from  the  dissolved  carbonic  acid ;  the  liquid  is  then 
boiled,  and  the  acid  very  carefully  added,  drop  by  drop,  until  the 
peculiar  onion-skin  red  colour  imparted  by  the  stronger  acids  to 
litmus  is  obtained.  The  accurate  appreciation  of  the  colour  is 
much  facilitated  by  using,  as  a  standard  of  comparison,  a  similar 
quantity  of  coloured  water  to  which  a  few  drops  of  sulphuric  acid 
have  been  added* 
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A  snetiX  number  of  experiments  mftde  bj  Abkl  and  BLOzm 
discloneil  n  considerable  uncertointj  in  tbe  Above  method.  Tliia 
tbey  traced  to  tbe  following  facts : — i.  That  a  conudorable  quas- 
titf  of  nitre  may  escHpe  decompoation  at  a  high,  temperature, 
even  when  intimatelj  mixed  with  an  exceM  of  finelj  divided 
carbon,  and  altliouph  vivid  deQagistinn  of  another  portion  of  the 
nitre  had  taken  place  in  its  immediate  neighbourhood.  2.  That 
in  the  deflagration  of  a  mixture  of  nitre,  salt,  and  charaoal, 
hinoride  of  nitrogen  is  evolved  in  large  q^uantitj.  3.  That  in  tbe 
deflagration,  cyavide <// pdauiiim ie  farmed;  and  that,  even  where 
much  care  bad  been  taken  to  remove  moiature  from  the  mate- 
rials, a  notable  qusntitj  of  ammottia  is  evolved.  4.  That  tbe 
oxidation  of  cyanide  of  potassium,  b;  exposure  to  the  air  at  a  high 
temperature,  is  not  prevented  by  the  presence  of  carbon  in  a 
finely  divided  Btfit«,  or  even  by  coverinfr  it  with  a  layer  of 
carbon.  By  substituting  pure,  ignited,  and  finely  divided  graphite 
for  cbnrcoal,  in  tbe  conversion  of  the  nitrate  into  carbonate  of 
potassium,  and  by  the  subsequent  treatment  of  the  fused  mass  with 
chlorate  of  poliuaium  in  order  to  oxidiie  tbe  cyanate  of  potasnum 
formed  by  the  oxidation  of  tbe  cyanide  of  potassium,  and  to 
obviate  the  errors  which  may  arise  from  the  reduction  of  any 
sulphates  which  may  be  present,  Abel  and  Bioxau  succeeded  in 
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Nitrate  of  sodium  being  hygroscopic,  cannot  be  dsed  in  the  manu- 
facture of  gunpowder ;  but  nitrate  of  potassium  is  sometimes  made 
from  it,  in  countries  where  potash  is  cheap,  by  treating  the  nitrate 
of  sodium  by  carbonate  of  potassium  or  chloride  of  potassium. 
The  nitrate  of  sodium  and  chloride  of  potassium  being  first 
dissolved  in  boiling  water,  and  mixed  together  in  the  proper  pro- 
portions, chloride  of  sodium,  being  the  less  soluble  salt,  falls  first, 
and  nitrate  of  potassium  remains  in  the  liquor,  from  which  it  is 
deposited  in  crystals  on  cooling. 

The  principal  use  of  nitrate  of  sodium,  however,  is  for  the  manu- 
facture of  nitric  acid,  by  decomposing  it  with  sulphuric  acid ;  and 
as  a  source  of  nitric  acid  in  the  manufacture  of  sulphuiic  acid.  It 
is  also  employed  as  a  manure. 

The  nitrate  of  sodium  of  commerce  is  met  with  in  the  form  of 
a  moist,  dirty,  brownish  mass,  containing,  when  not  adulterated, 
generally  more  than  95  per  cent,  of  the  salt,  and  frequently  only 
a  mere  fraction  of  chloride  of  sodium  or  other  impurities. 

The  mode  of  ascertaining  the  commercial  value  of  nitrate  of 
sodium  is  exactly  the  same  as  for  nitrate  of  potassium. 
&se  Nitrate  of  PoTASsirM. 

(CITBXC).      See  NiTRATE  OF  SoDIXTM. 

xrXTRZC  ACZD  (Asotio  Aoid,  iLqaafortU). — Nitric  acid 
is  a  compound  of  nitrogen  and  oxygen.  The  most  concentrated 
acid  contains  14  per  cent,  of  water.  The  density  of  nitric  acid 
diminishes  in  proportion  to  its  state  of  dilution. 

The  specific  gravity  of  commercial  nitric  acid  is  generally 
1*31,  but  it  is  sometimes  met  with  as  high  as  1*513,  which  corre- 
sponds to  857  per  cent,  of  real  acid,  in  which  state  it  is  a  coloui"- 
less  liquid,  of  a  strong,  disagreeable,  sufibcating  odour ;  its  taste 
is  excessively  acid  and  corrosive ;  it  emits  white,  irritating  fumes 
in  the  air,  but  when  diluted  it  does  not  fume  ;  it  rapidly  destroys 
organic  substances,  and  stains  them  yellow.  The  commercial  con- 
centrated acid  has  generally  a  yellowish  colour.  When  the  acid 
is  known  to  be  pure,  its  strength  may  be  determined  by  taking  its 
specific  gravity.  The  Table  on  next  page,  by  Dr.  Ubb,  shows 
the  strength  of  the  acid  corresponding  with  its  density. 

The  specific  gravity  of  nitric  acid  is  sometimes  artificially 
augmented  by  dissolving  nitrate  of  potassium  in  it ;  this  sophisti- 
cation, however,  is  very  easily  detected  by  evaporating  the  acid, 
when  the  nitrate  so  added  will  be  left  behind.  But  the  best  way 
of  ascertaining  the  real  value  of  nitric  acid  is  by  determining 
its  saturating  power,  as  has  been  indicated  in  the  article  on 
Acidimetry. 

The  nitric  acid  of  commerce  is  frequently  cicni\»x£a\i%Xj^\\s3 
miphuric  and  hydrochloric  acidsj  or  by  chlorine  ox  cKlondeft« 


^^^H^^^^^^^l 

284 

NITHIC 

ACID. 

1 

Bp«[Bo 

Liqdl 

Dry  Ada 

Sp«IHo 

Uqold 

DirAofd 

■ 

in.« 

iaiao 

1 

isooo 

100 

79 'TOO 

1-3947 

SO 

39850 

4980 

99 

78  ■903 

1-3887 

49 

39-053 

4960 

98 

7S105 

i-aSaS 

48 

38-356 

97 

77-309 

13765 

37-459 

4910 

96, 

76-513 

1=705 

46 

36-663 

4880 

99 

75  7 '5 

.■!.644 

45 

35-865 

4850 

94 

74-918 

.-3583 

44 

35068 

48M 

93 

34-271 

4790 

9a 

73-334 

1-3463 

4a 

33  474 

4760 

91 

7a-527 

i-»4M 

41 

33  677 

4730 

71-730 

1-3341 

70-933 

1-2377 

39 

3' -083 

4^ 

70-136 

38 

30-386 

4640 

87 

69-339 

S; 

37 

39-489 

4600 

86 

68-542 

36 

28-693 

4570 

85 

6774s 

35 

27-895 

4530 

84 

66-948 

34 

37-098 

83 

66-153 

33 

36-301 

4460 

83 
Si 

63-354 
64-557 

I -'833 
1-1770 

33 

3' 

33-50* 
34-707 

J^ 

So 

63760 

1-1709 

30 

33-900 

4346 

79 

6a '963 

i-:648 

39 

33-113 

4306 

78 

63-166 

1-1587 

38 

333.6 

42*9 

ersfig 

.•1536 

»7 

31-519 

t.S9 

75 

6o'S7> 

1-1465 

36 

^1 

NITRIC   ACID.  285 

about  two  drachms,  then  with  pure  water^  and  adding  a  solution 
of  nitrate  of  barium ;  if  this  produces  a  white  precipitate, 
insoluble  in  water^  in  acids,  and  likewise  in  ammonia,  it  is  sul- 
phate of  barium,  and  it  indicates,  of  course,  the  presence  of 
mfphuric  acid.  If  the  precipitate  is  in  ponderable  quantities,  it 
should  be  first  boiled  with  the  acid  liquor  in  which  it  has  been 
produced,  allowed  to  settle,  filtered,  washed,  dried,  ignited,  and 
weighed.  117  grains  of  sulphate  of  barium  represent  40  of  dry 
sulphuric  acid,  or  each  grain  of  sulphate  of  barium  represents 
0*34368  grain  of  dry  sulphuric  acid. 

The  presence  of  chlorine,  or  of  chlorides,  or  of  hydrochloric 
acidf  is  detected  by  diluting  the  nitric  acid  with  pure  water,  and 
adding  a  solution  of  nitrate  of  silver.  If  a  white,  curdy  precipi- 
tate, or  an  opaline  tinge,  or  turbidness  is  produced,  insoluble  in 
nitric  acid,  but  which  immediately  disappears  by  pouring  an 
excess  of  ammonia,  and  reappears  by  adding  an  excess  of  acid,  it 
is  chloride  of  silver ;  in  which  case  the  acid  liquor  should  be 
moderately  he^ited,  in  order  to  promote  the  settling  of  the  precipi- 
tate, which  may  then  be  collected  on  a  filter,  as  small  as  possible, 
washed,  and  carefully  dried.  It  should  then  be  introduced  into  a 
counterpoised  porcelain  crucible  ;  the  filter  being  scraped  clean,  is 
then  burnt  upon  the  cover  of  the  crucible,  and  the  ashes  are  added 
to  the  precipitate  in  the  crucible ;  the  mass  is  then  fused,  and  after 
cooling,  it  is  weighed.  145  grains  of  chloride  of  silver  represent 
35.5  grains  of  chlorine,  or  36*5  grains  of  hydrochloric  acid ;  or 
each  grain  of  fused  chloride  of  silver  represents  0*24729  grain  of 
chlorine,  or  0*25427  grain  of  hydrochloric  acid. 

Before  testing  the  acid  do  not  omit  to  dilute  it  with  three  or 
four  times  its  bulk  of  distilled  water,  for  otherwise  a  precipitate 
would  be  produced,  but  which  is  nothing  else  than  nitrate  of 
barium  and  nitrate  of  silver,  which  might  simulate  the  presence 
of  sulphuric  ftcid  and  of  chlorine.  Such  precipitates,  however^ 
immediately  disappear  by  an  addition  of  water. 

When  nitric  acid  contains  fixed  substances,  they  are  easily 
detected  by  evaporating  a  small  quantity  of  the  acid  in  a  watch- 
glass  or  small  capsule,  in  which  case  a  fixed  residuum  will  be  left. 
Pure  nitric  add  is  entirely  volatilizable  by  heat. 

Impure  nitric  acid  can  always  be  easily  purified  by  adding  to 
it  a  sufficient  quantity  of  nitrate  of  silver^  in  order  to  precipitate 
the  chlorine  and  sulphuric  acid,  decanting  the  acid  from  the  pre- 
cipitates produced,  and  distilling  it  in  a  glass  retort  and  glass 
receiver,  taking  care  not  to  use  either  lute  or  cork.  If  done  with 
care,  and  at  a  moderate  heat,  the  acid  which  passes  over  is  perfectly 
white. 
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OIKS. — There  are  two  kinds  of  nils,  fa.)  Tbeji.red  lalt,  which, 
ns  their  name  implies,  do  not  sensibly  evaporaU  at  the  ordinaij 
temperature,  and  which  do  not  distil  at  the  temperature  of  boiling 
water;  such  oils  hrtve  only  a  iaiiit  odour,  dmikr  to  that  of  the 
MubstAtices  from  which  thej  hare  been  extracted,  atid  have 
scarcely  any  taste,  at  least  ■when  fresh.  Tlieir  pravity  is  leM 
than  water,  and  ranges  between  o'9i3  uid  0*936.  They  pei^ 
manently  stain  pwer  nnd  render  it  tnuislucid. 

(b.)  The  votatile  or  ftsential  oili,  which  ve  entirely  dissimiliar 
both  in  properties  and  composition.  When  distilled  with  water 
they  pass  over  at  2 1 2°,  or  wheD  distilled  by  themselves  at  or  uoder 
about  320°  Fahr.  They  have  a  cauetic,  hot,  acrid  taste,  and  an 
aromatic  odour.      Theii  specific  grflvity  mnges  between  0-S47  and 

J^xed  Oih  and  Fatt. — These  are  most  indispensable  requisites 
of  domeetic  economy  ;  equally  important  for  nourishment,  as 
mitterials  for  the  manufacture  of  soap,  and  as  sources  of  li^-ht. 
FaU  v,K  nut  homogeneous  chemical  combinations,  but  mixtures  of 
(•uch  which,  taken  siD§:ly,  have  all  the  properties  of  fats  them- 
selves. Uy  congelation  M,  low  Mmperatiires  and  pressure  of  the 
concrete  mass  a  sepamlioD  of  the  fat  ensues  into  a  liquid  and  a 
solid  portion, 
or  maryaria, 
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Enumeration  of  Vegetal  Greasy  Oils — (continued). 

Name  Plants  yielding  the  Oil  Specific  Gravity 

Beech-oil      .    .    Fagus  silvatica -  0*9225 

Oil  of  mustard  Synapis  nigra etarvensis  .     .  0*9160 

Plum-kemel-oil  Prunus  domestica  ....  0*9 127 

Butter  of  cocoa  Theobroma  cocao    ....  0*8920 

Laurel-oil    .     .     Laurus  nobilis 

Ground   nut-oil  Arachis  hypogea     ....  0*9242 

Pincy  tallow    .     Vateria  Indica 0*9260 

Oil  of  radish  seed  Kaphanus  sativus  oleifera      .  0*9189 

Cherrystone-oil     Prunus  malus 0*9237 

Apple-eeed-oil .     Pyrus  cerasue 

Spindle-tree-oil  Euouymus  Europa^us .     .     .  0*9389 

''re-;iL'";':}Con.us8angui„ea    .... 

""'iflyiVr^^jCyPerus  esculents-.     .    .    .    09.80 

Henbane  -  seed  - 1  tt 
^  1^  Hyoscyamus  niger  .    .     .     .    0-9130 

^^^-^^^^^"^-j^sculusHippocastanus.    .    0*9270 

Drying  Oils. — These  oils  differ  from  those  just  enumerated  by 
their  property  of  becoming  gradually  converted  into  solid  masses 
by  exposure  to  the  atmosphere,  and  also  by  not  being  solidified  by 
contact  with  nitrous  acid  or  protonitrate  of  mercury.  Their 
principal  use  is  in  the  preparation  of  yarnishes  and  painters' 
colours,  and  the  more  quickly  they  become  hard  by  exposure  the 
more  valuable  they  are  for  these  purposes.  Their  seccative  pro- 
perties may  be  much  increased  by  heating  them  with  about  7 
or  8  per  cent,  of  their  weight  of  litharge^  which  in  this  pro- 
portion is  for  the  most  part  dissolved  by  the  oil. 

Enumeration  of  Drying  OUs. 

Name  Plants  yielding  the  Oil  Specific  Orarity 

Linseed  Oil   .     •  {  ^^^  .^^^^l"^^  ^^  P"';  }  0*93^^ 

Nut-oil     .    .      jCoYlusavellanaetJuglansl 

t     regia       ......     J 

Poppy-oil      .  .    Papaver  somniferum  .    .    .     0*9243 

Hempseed-oil  .    Cannabis  sativa 0*9276 

Castor-oil      .  «    Kicinus  communis.     .    .     .    0*9611 

Grapeseed-oil  .    Vitis  vinifera 0*9202 

Cucumber-oil  .    Cucurbita  Pepo  et  Mepepo   .    0*9231 

Sunfiower-oil  .    Helianthusannuusetperennis   0*9262 


Enumeration  of  Drying  Oili — (coDtiniied). 

Sun*  PiMiMTWdliicUuOU  ^ndfla  OnTltr 

Tobacco-seed-oil    KtcotianaTabKum  etriutica    0-9232 


Oil    of  julienre  Hesperis  nuitroiuliB 

Uil  of  camuliDa  Mjagrum  Mtin     .    . 

Oil  of  weld-Beed  It«»eda  1nt«ok  .    .    . 

Oil  of  cresB-aeed  Lepidium  utivam 

Oil  of  cottoD-8ei;d  GoHvpium  borbodense 
I'inetop-uil .    .     Piniu  abiea    .... 


0-9281 
0*9352 
0^258 
0-9240 
0-9300 


According  b)  Mr.  Hbidekbbxicb,  of  Stnuburg,  the  pttritj 
of  tbe  tiscd  oils  of  commerce  maj  be  approiimately  dtfteraiined, 
nnd  ttie  Hdmixtura  of  cheaper  Otis  detected,  in  the    following 

(1.)  Jiy  obtervinff  lh»  peculiar  odour  of  the  oU  when  genSy 

For  thii  purpose,  a  few  drops  of  tbe  <»1  under  exambation 
should  be  poured  into  a  small  porcelaia  or  platinum  capsule,  and 
exposed  to  tbe  heat  of  a  spirit-lamp.  Tbe  odour  which  is  evolved, 
immediatel;  suggests  that  of  tbe  plant  or  of  tbe  animal  from 

whiHi  il   lisi    I.-11   ...l.tnlriHil.   l^r^^\   llii>  c)inrft''1.'rislir   i^   viilm.lilo 
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whilst  towards  the  centre,  where  the  action  is  more  violent,  light 
yellow-brown  streaks  may  be  observed. 

^  The  expressed  oil  of  black  mustard-^eed  likewise  assimies  a 
tinge  of  bluish-green ;  but  the  quantity  of  oil  must,  in  this  case, 
be  increased  to  25  or  30  drops. 

'In  trmn-oHy  obtained  from  the  whale  or  stock-fish,  a  very 
peculiar  motion  occurs,  commencing  at  the  centre  and  extending 
to  the  outside,  whilst  a  red  colour  is  observed,  which  grows  more 
and  more  vivid,  until  after  ten  or  fifteen  minutes,  when  the 
margin  assumes  a  violet  tinge,  which,  in  the  course  of  about  two 
hours,  becomes  uniform  throughout  the  mixture. 

'  Olive-oil  instantly  assumes  a  pale  yellow  colour,  which 
afterwards  becomes  a  yellowish-green. 

*  In  poppy-oil,  and  that  obtained  from  sweet  almonds,  the 
colour  approaches  to  that  of  the  greenfinch,  and  afterwards  becomes 
of  a  dead  yellow  hue. 

'  In  linseed-oil,  a  drop  of  acid  produces  a  beautiful  dark 
brownish-red  web,  which  is  gradually  converted  into  a  brownish 
black. 

'  TaUow-oU  (called  by  the  trade  oleic  acid)  is  rendered 
brown. 

*•  If,  instead  of  allowing  the  sulphuric  acid  to  act  on  the  oil 
undisturbed,  both  fluids  be  stirred  up  with  a  glass  rod  after  adding 
the  drop  of  sulphuric  acid,  the  phenomena  mentioned  appear  in 
difierent  order. 

'  Mape-oil  then  assumes  a  uniform  brown  colour,  without  a 
tinge  of  red  ;  and  if,  instead  of  one  drop  of  acid,  five  or  six  are 
added,  and  mixed  with  the  oil,  the  whole  mass  becomes  of  a  dead 
brown-red  colour,  not  very  intense,  remaining  green  only  on  the 
edges. 

'  By  doubling  or  trebling  the  expressed  oil  of  black  mustard- 
seed,  the  quantity  tested  gives  rise  to  a  similar  action,  with  the 
exception  that  the  colour  is  somewhat  less  bright. 

*  Train-oil  instantly  assumes,  when  stirred,  a  lively  brown- 
red  colour,  which  finally  passes  to  dark  brown  and  violet, 
without  a  hue  of  green.  If  mixed  with  five  or  six  drops  of  acid, 
the  colour  is  much  more  intense,  and  the  violet  colour  sooner 
appears. 

^  Seal-oil  assumes  a  yellowish-gray  colour.  If,  however, 
thirty  drops  of  oil  are  t^en  instead  of  ten,  a  colour  slightly 
approaching  to  green-blue  also  appears,  so  that  one  drop  more 
changes  it  into  pn^y.  On  the  addition  of  five  or  six  drops  of  add, 
it  receives  a  lively  orange-yellow  tint. 

^The    oils  from  the  olive,  poppy,  and  ewe^t  «3kXCLQU^<t  ^^ 
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asaume  fi  yellow  colour  more  or  leas  dingy  or  gray ;  and  by 
the  addition  of  more  ncid  tlie  actton  is  rendered  far  more 
■violent. 

'  If  lioKeed-nil  13  atirred  with  the  rod,  na  before  mentioned,  a 
browniBh-blnpli  lump  fornip,  and  by  addinff  fire  or  six  drops  of 
acid  the  whole  fiirnis  a  reeinoiis,  bliick,  and  persistent  mass.  It 
is  true  that  all  other  ails  likewise  become  plastic  by  the  addition 
of  great*.'r  or  smaller  quantities  of  acid ;  none,  howerer,  to  a 
similar  degree,  and  with  a  colour  so  black,  as  lioseed-oiL  Tho 
nil  obtained  from  tallow  nsauniea  a  dark,  dirty  brown  colour, 
which  doee  not  vary  in  tint  by  the  addition  of  more  acid, 

'  In  trade  it  seldom  occurs  that  a  better  oil  is  mixed  with  at) 
inferior  one.  Oil  of  nlmonds,  olivea,  and  codfish-oil,  will 
therefore  never  be  used  for,  adulterating  rape-oil,  but  probably 
train,  or  purhaps  licBeed-oil,  and  sometimes  poppy-oil.  If  we 
are  led,  therefore,  by  the  odour,  to  infer  an  adulteration — for 
instance,  by  train-oil,  which  occurs  the  most  frequently— it  ie 
only  neceasarr  to  place  from  ten  to  fifteen  drops  of  rape-oil,  the 
purity  of  which  is  undoubted,  together  with  oa  much  train-oil,  and 
an  equal  quantity  of  the  oil  whose  purity  is  suspected,  and  to  add 
to  each  of  them  n  smnll  drop  of  sulphuric  acid.  From  the  colour 
produced  an  inference  may  be  drawn  ns  to  the  purity  of  the  oil, 
and  by  the  diffcrcjice  of  tinges  from  the  Tivid  red  of  the  train-oil. 
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being  drawn,  as  to  the  adulteration,  with  perfect  certainty.  In 
such  cases  the  specific  gravity  of  botii  oils  must  be  received  as  the 
sole  criterion  for  identifying  them. 

^  It  has  been  reported  that  tallow-oil  has  several  times  been 
mixed  at  Paris  with  rapeseed-oil ;  beside  the  brownish  colour 
produced  by  sulphuric  acid,  the  tallowy  smell,  the  brown  colour, 
the  acid  reaction,  and  last  although  not  least,  its  density^  which 
is  less  than  any  other  of  the  fixed  oils,  are  such  decisive  charac- 
teristics, that  we  must  be  blind  indeed  if  we  do  not  instantly 
discover  this  fraud.' 

Instead  of  10  or  15  drops  of  oil  M.  Pekot  directs  to  employ  20 
drops,  &c. 

'  M.  Penot,  in  a  report  on  the  preceding  researches  of  M. 
Heidenreich,  made  in  the  name  of  the  chemical  ComiU  de  la 
SocUU  IndustrieUe  de  MUhlhatisen,  makes  the  following  additional 
remarks  to  the  three  means  suggested  by  M.  Heidenbeich,  for 
discovering  the  adulteration  of  oils. 

'  I.  As  regards  the  detection  of  adulteration  by  the  odour  of 
an  otlf  it  must  be  observed  that  the  same  oil — that  is  to  say,  an 
oil  of  the  same  fruit  or  nut — has  not  always  the  same  odour. 
This  is  especially  the  case  with  olive-oil,  the  odour  of  which 
differs  according  to  the  different  places  where  it  has  been  grown. 
The  same  is  the  case  with  other  oils,  if  cold,  drawn,  or  expressed 
under  the  influence  of  heat. 

^  2.  As  regards  the  action  of  sulphuric  acid,  M.  Penot  directs  us 
to  employ  20  drops  of  oil,  which  he  places  on  capsules  of  white 
porcelain.  He  likewise  found  that  every  different  kind  of  oil 
indicated  a  different  reaction,  which,  however,  did  not  entirely 
agree  with  the  results  obtained  by  M.  Heidexkeich.  Besides  this, 
M.  Penot  employed  a  saturated  solution  of  chromate  of  potassium 
in  sulphuric  acid,  always  in  the  proportion  of  i  drop  to  20  drops 
of  oil,  which  were  stirred  together.  The  following  Table  shows 
the  difference  of  the  reactions  produced  by  hoth  reagents  on 
twenty  different  kinds  of  oil.  It  is,  however,  necessary,  in  order 
to  insure  greater  certainty,  that  we  should  first  compare  the  effects 
of  them  on  a  pure  oil,  when  any  oil  is  suspected  of  having  been 
adulterated,  since  it  is  difficult  to  remember  precisely  the  colours 
produced  by  reagents,  and  still  more  difficult  to  convey  such  a 
definition  as  will  be  understood  by  every  one. 

^  By  perusing  this  Table  (M.  Pbnot  continues)  it  will  be  ob- 
served that  the  same  oil  does  not,  under  any  circumstances,  yield 
precisely  similar  results  with  the  same  reagent.  This  depends 
on  the  place  of  their  growth,  their  age,  and  the  manner  of  pressintr. 
If,  however,  any  oil  be  examined  comparatively  -^SsJcl  ^  ^^^VtOiX'^ 
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pure  one,  the  proof  of  adulteration  may  be  rendered,  if  not  certain, 
at  least  probable,  by  noting^  the  difference.  Thus  I  obtained,  by 
adding  i  part  of  either  whale-,  train-,  or  linseed-oil,  or  oleio-oil,  to 
10  parts  of  rape-seed  oil,  the  following  results :  — 


Name  of  the  Oil 

Bnlphnric  Add 

Solution  of  Bi- 

Not Stirred       j           Stirred 

chromate  of  Potaasimn 

Rapeseed-oil    with 
whale- train 

Rapeseed-oil    with 
linseed-oil 

Rapeseed-oil    with 
oleic-oil 

More   red    ground  Brownish-oliTe  00- 

than  with  rape-'    loured 

aeed-oU 
No  perceptible  dif-  OliTe-coIoored  .... 

ference  from  the, 

rapeseed-oil 

No  perceptible  dif- Greenish-brown  .. 
ferenco  from  the! 
rapeseed-oil         j 

Small  reddish  lumps  on 
a  gray  ground 

Small  and  more  nu- 
merous red  lumps  on 
a  very  datk-green 
grotmd 

Small  brownisli  lump» 
on  an  olive-oolonred 
ground 

'  The  adulteration  being  ascertained  as  far  as  is  possible,  the 
oil  is  then  tested  by  endeavouring  to  discover  the  adulterating 
oil,  either  by  reagents,  or  by  its  odour  when  gently  heated,  as 
before  described.  This  having  been  found  out,  small  quantitiee 
of  the  suspected  oil  are  added  to  a  perfectly  pure  oil  of  the  kind 
imder  examination.  Every  mixture  is  then  tested  by  the  re- 
agents, until  precisely  similar  results  are  obtained  as  those  yielded 
by  the  oil  under  examination.  Thus  the  proportions  of  the  two 
mixed  oils  will  be  discovered  by  approximation. 

*  3.  The  Density  of  Oils. — Every  oil  supposed  to  come  from 
the  same  plant,  or  the  same  animal,  has  its  peculiar  density, 
which,  at  the  same  temperature,  never  cau  deviate  more  than 
some  few  thousandths. 

'  This  density  is,  in  oils  hitherto  examined,  between  0*900 
[tallow-oil]  and  0*96  [castor  oil — llicinus-oil] ;  water,  at  1 5°  C. 
«  59°  F.  taken  as  unity.  This  answers,  on  the  centrigrade  alco- 
holometer of  Gay-Lussac,  to  the  densities  from  the  66ti  degree  to 
the  34th.  For  greater  perspicuity  I  have  added  the  Table  ar- 
ranged by  ScHUBLER,  together  with  the  degrees  of  GAY-Ltrssic'B 
alcoholometer.  We  deemed  it  best  to  add  the  latter,  since  it  is 
very  generally  used,  and  saves  employing  other  instruments.  It 
is  only  necessary  to  procure  a  scale,  tiie  degrees  of  which  are  at 
proper  distances.  Besides  this,  an  oil-balance  could  easily  be 
arranged,  on  the  same  principle,  by  placing,  at  the  temperature  of 
150  =  59O  F.,  the  number  0*970  as  the  extreme  point  at  one  end  of 
the  scale,  or  a  little  higher  than  the  density  of  castor-oil,  and  for 
the  extreme  density  of  oleic  acid  '900,  and  dividing  the  intervals 
between  these  into  70^,  in  such  a  manner  that  each  degree  answers 
to  a  thousandth  part  on  the  Table  of  densities. 
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alone,  and,  if  combined  with  the  two  others,  I  doubt  if  any  one 
could  be  deceived.' 

M.  Penot  thinksy  however,  that  oils  of  the  same  name^  bat  not 
identical,  never  have  the  same  density. 

The  editor  of  the  '  Journal  f.  Prakt.  Chemie '  remarksi  that 
he  has  not  found,  in  the  course  of  his  own  experience,  any  dif<« 
ference  in  the  specific  gravity  in  oils  of  the  same  kind  obtained 
from  different  places  and  grown  in  different  years ;  and  that  in 
Saxony  an  areometer  (or  oleometer)  is  generally  used  for  testing 
oils,  constructed  by  the  instrument-maker  Fischer,  of  Leipzig, 
which  indicates  the  specific  gravity  of  oils  in  such  manner,  that 
pure  rapeseed  oil  is  indicated  by  37°  to  38® ;  and  hemp-oil  by  30** 
to  31°,  &c.  This  oil-balance  is  very  correct  and  useful.  Another 
assistance  in  such  examinations  is  the  capillarimeter,  an  instru- 
ment for  indicating  the  quantity  of  each  oil  which  falls  from  a 
certain  sized  point  under  given  circumstances.' 

When  oil  of  almonds  is  mixed  with  oil  of  poppies,  the  taste  ia 
sometimes  sufficient  to  detect  the  presence  of  the  latter  oil ;  and 
if  such  an  oil  be  agitated  in  a  phial,  it  produces  bubbles  of  air, 
which  stick  to  the  sides  of  the  phial,  which  is  never  the  case  with 
piire  oil  of  sweet  almonds. 

Oil,  or  buttter  of  cocoa,  is  always  solid  at  the  ordinary  tern-* 
perature,  of  a  yellowish-white  colour ;  its  fracture  is  clean,  and  it 
has  a  soft^  agreeable  flavour,  and  a  peculiar  odour.  It  fuses  at 
7/*  Fahr. 

When  butter  of  cocoa  has  been  well  prepared,  it  may  be  kept 
for  two  or  three  years  without  becoming  rancid ;  but  that  which 
is  met  in  trade  being  often  adulterated  with  tallow,  or  veal  or 
mutton  suet,  very  soon  turns  bad ;  but  this  fraud  is  generally  per- 
ceptible,  because,  in  that  case,  the  flavour  of  the  spurious  article 
is  not  agreeable,  like  that  of  the  genuine  oil,  and  it  leaves  after- 
wards  in  the  mouth  a  taste  of  tallow,  which  cannot  be  mistaken ; 
the  odour  of  tallow  is  easily  recognised  by  heating  it  as  directed 
by  M.  Heidenreich. 

But  of  all  these  oils,  the  dearest  (except  oil  of  almonds),  and 
consequently  that  which  is  most  subject  to  adulteration,  is  oUv§^ 
oil;  and  the  oils  with  which  it  is  most  generally  mixed  are  those 
of  nuts  and  of  poppies.  The  latter,  more  especially,  is  employed 
for  the  purpose,  because  it  may  be  mixed  in  considerable  propor- 
tion with  olive-oil  without  materially  altering  the  taste  of  the 
latter,  whilst  its  price  is  only  half  that  of  olive-oil. 

As  with  oil  of  almonds,  when  pure  olive-oil  is  shaken  in  a 
flask  or  phial,  its  surface  remains  even,  but  if  mixed  yrith  oil  of 
poppies,  it  becomes  covered  with  smaU  air-bubbles. 
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TVben  pure  olire-oil  ia  immerBed  in  pounded  ice,  it  becomes 
completely  solidified,  but  if  it  is  adulterated  with  oil  of  pop- 
pies, it  solidifies  only  in  port;  nnd  if  tbe  latter  oil  fonua  mora 
tbim  one-third  of  the  bitlli,  the  oil  does  not  become  Botid  nt  all. 

M.  PoUTBT  recommends  tbo  following  method  for  the  detec- 
tion of  oil  of  poppies  in  olive  oil,  namely :  dissolve  six  parts  of 
luercury  in  seven  and  a  half  parts  of  nitric  ficid  of  flp.  gr. 
1-35;  heat  need  not  be  applied;  mix  two  parts  of  this  solution 
with  96  pnrt3  of  the  oil  under  examination,  nnd  shnke  the 
mixture  every  half  hour,  or  oftener.  If  the  oil  is  purn,  the  mix- 
ture, iiflor  seven  hours  in  summer,  or  three  or  four  hours  in  winter, 
will  have  cong-ealed  iato  a  tbick  magma,  and  in  tiventy-four 
hours  it  will  have  so  far  solidified  that  some  little  force  must  be 
employed  to  rinlc  a  gloss  rod  through  it  The  other  edible  oils  do 
not  combine  with  nitrate  of  mercury,  and  if  the  olive  oil  contains 
some  other  oil,  it  thicliens,  but  nevsr  becomes  solid.  If  the 
quantity  of  foreign  oil  forms  more  than  one-eighth  of  the  bulk,  it 
separates  from  the  thickened  mass  into  n  distinct  layer.  The  com- 
pactucBS  of  the  mass,  therefore,  is  proportionate  to  ihe  quantity 
of  the  foreign  oil.  If  the  olive-oil  contains  its  oivn  bulk  of  another 
oil,  one-half  of  the  mixture  is  solid,  and  the  other  half  is  liquid. 
A  temperature  of  about  go"  Fahr,  is  the  b«st  for  the  experiment, 
for  the  oil  and  coaguliim  separate  then  perfectly  from  each  other. 
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Oils 

Colours  developed  by  the  ad- 
dition of  the  mixture 

Number  of 

minutes 

necessary 

to  solidify 

oils 

Pro- 
portiooB 

Olive-oil 

Oil  of  sweet  almonds   . 

„      filberts 

„      acajou 

,,      Jiicini  (castor-oil) 

,,      Colza . 

Oreenish-blae . 
Dingy-white  . 
(irceniflh-blue 
Lemon-yellow 
Golden-yelJow 
Yellowiih-brown    . 

73 
z6o 

103 

.  40 

603 

2400 

lO'O 

33*3 

14*0 

60 

83-6 

3280 

The  presence  of  the  oil  of  poppies  may  be  easily  recognised  by 
its  retarding  effect;  i  per  cent,  of  oil  of  poppies  retards  the 
solidifying  at  least  40  minutes. 

Olive-oil  is  sometimes  adulterated  with  hofiey ;  this  sophisti- 
oation  may  be  recognised  by  treating  the  oil  with  hot  water, 
which  dissolves  the  honey;  after  shaking  the  mixture  well  it 
should  be  left  at  rest;  the  oil  then  separates  from  the  water 
which  has  dissolved  the  honey.  The  oil  may  then  be  decanted, 
and  by  evaporation  the  honey  is  left  behind. 

The  presence  oiJishroU  is  readily  detected  in  vegetable  oils,  by 
passing  chlorine  through  them ;  in  which  case  the  mixture  turns 
black. 

Besides  the  tests  above  described,  an  instrument  called  the  elaio- 
meter  was  contrived  by  M.  Gobby,  by  which  the  purity  of  olive- 
oil  may  be  estimated.  The  elai'ometer  is  constructed  on  the  prin- 
ciple of  the  hydrometer,  but  as  the  differences  of  density  are 
inconsiderable,  the  bulb  of  the  instrument  is  very  large,  and  the 
tube  or  stem  is  very  narrow.  The  instrument  at  54*5°  Fahr. 
marks  0°  in  poppy-seed  oil,  and  50°  in  pure  olive-oil.  The  modus 
operandi  is  as  follows :  — ^The  oil  to  be  tested  is  iirst  brought  to  a 
temperature  of  54*5*'  Fahr.,  which  is  readily  accomplished  by 
plunging  the  glass  cylinder  containing  it  into  cold  water,  or  else 
the  result  of  the  operation  may  be  corrected,  if  the  temperature 
be  above  54*5°  Fahr.,  by  deducting  2  from  the  degree  indicated  by 
the  elai'ometer  for  each  degree  of  temperature,  and  if  the  temper- 
ature be  lower  than  54*5°,  by  adding  2  for  every  degree  below 
54*5**  Fahr. 

For  example,  let  us  suppose  that  the  temperature  at  the  time 
of  the  experiment  is  60^  Fahr.,  and  the  elai'ometer  indicates  61% 

Then  60*0°  Temperature  at  the  time  of  the  experiment. 
54*5  Normal  temperature. 

55°  Difference. 


298 


OILS. 


DeDsitT  indic&ted  b;  the  eluometer     .        .        .    61*0° 

The  difturance  5*5  x  3  ™ I  i^o 

Bed  deusit; .       .       .    50-0 
The  oil  therefore  is  pure. 

Or,  let  us  suppose  that  the  teinpentuie  obMrved  at  the  time 
of  the  experiment  is  52°,  and  that  the  eUuimeter  jodicates  45'0^. 
54-5°  Normal  tempenture. 
52*0  Temperature  at  the  dme  of  the  experiment. 
2'5  Difference. 
Denwty  indicated  by  the  etuometer      .        .        .    45-0° 
The  difference  2-5x1-         ,        .        ,        .        .      5^ 
Beal  denuty  •        ■        .    SO-o 
The  real  denuty  being  50,  the  oil  ia  called  pure. 

Orntral  T^ih  0/ 
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The  degrees  of  tlie  elaiometer  are  as  follows : — 

Pure  olive  oil 50  degrees. 

Olive  oil  mixed  with  4  per  cent  of  oil  of  poppies    48 
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The  admixture  oiJUh^U  with  animal  or  vegetal  oils  may  be 
readily  detected  b j  the  brown  or  black  hue  produced  by  the  action 
of  a  stream  of  chlorine,  and  also,  according  to  Calvebt,  by  the 
reddish  coloration  developed  by  boiling  a  mixture  of  the  oil 
with  solution  of  caustic  soda. 

BeactUma. — (Calvert.) 


Greenish  ..  Fluid  \rhite  Slight  groenOrangc-yel 
mass         1  I    low 

Ditto Fibrous        Ditto Dark-brown 

white 
mass 


Nitric 
Acid, 


+ 


Caustic    ,  Phosphoric  I  Sulphuric 
Soda,  Add,      I     Acid+ 


Sp.  Gr.  X  '330  8p.  Gr.  i  -340     Syrupy    j  Nitric  Acid 


Bed    

Dark- red  ., 
Ditto 


Greenish 
dirty, 
brown 


Green,    be- 
coming 
brown 

Very  slight  Fluid  moss 
yellow 


Ditto 


Fluid  white 
mass 

Ligbt-red 
fluid  mass 

Fibrous  red  Brown- 
moss        !    yellow 

Fluid      red         — 
mas-s, 
■with 
brown 
liquor  be- 
neath 

Fibrous 
white 
mass 

Fibrous 
light- 
brown 
mass 

Fluid     yel 
low  mosd 


Orange- 
white 
Dark-brown 


;Slight    yel- 
low 
Dark-brown  Yellow 


Aqua 
Begia 


+ 


Caustic  Soda, 
Sp.  Gr.  x'340 


Green,    be- 
coming 
intense 
red 


Brownish- 
red 


Green    Green,    be- 
coming 
black 


Brown   yel-  Ditto 
low-green : 


Light- 
brown 


Bed 

Ditto 

Ditto 


Fibrous 

white 

maiM 
Fluid  moss 


Ditto 
Ditto 


Dark-red  .. 

Ditto 

Ditto 


Brown  ... 
Dark-brown 


Ditto 
Ditto 
Ditto 


Ditto 


Green 


Greenish- 
yellow 


Fluid  white  mass 

Fibrous  yellowish* 
white  mass 

Fibrous  white  mass 

Fibrous  yellowish' 
white  mass 

Fluid  intense  rose- 
coloured  mass 
Fibrous  orange  mass 

Fluid  orange  mass, 
with  brown  liquor 
beneath 


Fibrous   pole    rose- 
coloured  man 

Fibrous  light-brown 
mass 


Fluid  orange 


->        iFluid  pink  mass 


Sl^ht    yel-  Fibrous     brownish- 
yellow  mass 


low 
Ditto 
Ditto 
Yellow  ....'Ditto 


Fluid  orange-yellow 

mass 
Ditto 
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For  the  detection  of  n  mixture  of  a  siccntive  witli  a  eon-drjing 
oil  BBveral  methods  mny  be  applied — tbat  e.g.,  of  Poutet,  ivhich 
eonaisU  in  tlia  application  of  protonitrnte  of  mereurr,  bj  which 
the  nun-dnjing  oila  yield  etra'din,  oc  that  of  ISotthet,  which  depends 
upon  the  some  reaction,  to  produce  vhicfa,  however,  nifrotw  add 
IB  substituted  for  the  mercury  Eolt:  or  that  of  Macneke,  who 
showed  that  the  non-drying  oila  give  rise  to  r  much  higher 
teniperntiire  when  miied  with  fiti'ong  Bulphuiic  acid,  than  is  the 
case  with  those  helonging  to  the  class  of  siccatives. 

The  preceding  Tahle  constructed  hy  Caivekt  indicates  the 
reactions  atForded  hy  a  systematic  method  for  testing  the  puri^ 
of  oila  by  the  employment  of  cnaetic  alkali,  and  of  various  acids 
at  different  degrees  of  dilutions  as  well  as  mixtures  of  acids,  and 
of  acids  and  alkalies  successively  applied. 

£ssenlial  OiU. — The  essential  oils  of  commerce  are  often  adul- 
temtcd  with  Jbed  or  fat  oila,  »pej-niaeeti,  roiin,  tatlmc,  baliarn  of 
copaibn,  nnd  enential  i»b  of  less  value  than  the  genuine  oil. 

The  methods  of  detecting  these  fraudulent  additions  consist  in 
pouring'  a  drop  of  the  essential  oil  upon  a  piece  of  paper,  and 
evaporating  it  by  heat  If  the  essential  oil  is  pure,  it  will  com- 
pletely evaporate,  and  leave  no  stun  on  the  paper ;  but  if  adul- 
terated with  either  a  fixed  or  fat  oil,  tallow,  spermaceti,  rosin,  or 
nin  will  be  left  on  the  paper,  which  will  then 
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but  if,  on  the  contrarj,  the  potassium  disappears  in  the  course  of 
fiye  minutes,  it  is  a  sign  that  the  oil  contains  more  than  4  per 
cent  of  alcohol,  and  if  it  disappears  in  less  than  one  minute  the 
oil  contains  25  per  cent,  of  alcohol,  or  more. 

The  addition  of  alcohol  to  essential  oils  is  a  most  usual  adul- 
teration. 

As  to  the  addition  of  cheaper  essential  oils  to  the  genuinor 
article,  the  fraud  is  best  detected  as  follows : — 

Pour  a  few  drops  of  the  essential  oil  imder  examination  upon  a 
piece  of  blotting-paper,  and  allow  it  to  evaporate  spontaneously. 
The  difference  of  the  smell  towards  the  end  will  often  enable  the 
operator  to  detect  the  sophistication.  Essence  of  turpentine  iff 
generally  employed  for  the  purpose.  In  that  case  it  may  be^ 
separated  by  adding  alcohol  of  specific  gravity  0*84  (54*8  per  cent, 
over  proof),  to  the  essential  oil.  The  turpentine  will  be  left  in 
an  insoluble  state. 

The  specific  gravity  aifords  also  another  means  of  ascertaining 
the  purity  of  essential  oDs.  We  therefore  give  here  the  specific- 
gravity  of  the  principal  essential  oils. 

Essential  Oil  of  Amber     . 

Aneth 
Aniseed  . 
Bergamot 
Cajeput  . 
Carraway 
Cassia     . 
Cinnamon 
Cloves     . 
Cumin     . 
Fennel    . 
Fusel  (or  of  grain) 
Juniper   . 
Lavender 

Do.      rectified 
Lemon    .        . 
Mint        • 
Nutmeg  . 
Otto  of  roses   . 
Eo3emary 
Sassafras 
Turpentine 
Wormwood     . 

When  the  specific  gravity  of  an  essential  oil  is  sufiiciently 
difierent  from  that  with  which  it  is  mixed,  they  ma.^  b^  ^^^ns^i^ 
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from  each  otlier  by  agiutiog  them  for  a  \ong  time  nitb  water, 
and  leaving  the  whole  at  rest  The  two  oils  will  then  eepante  in 
the  order  of  their  respective  density. 

The  oil  of  ipic  lavender  met  with  in  commerce  is  seldom  pure, 
flud  is  generally  a  mixture  of  three  parts  of  essence  of  turpcntioa 
with  one  of  genuine  oil  of  lavender.  Thia  fraud  maf  hest  ba 
detected  b;  pouring  a  few  drops  of  the  suspected  oil  on  n  piece  of 
paper  and  evaporaUng  it :  or  else  b;  pouring  a  drop  nf  it  on  ths 
buck  of  the  hand  and  rubbing  it  with  the  finger ;  when  evaporated 
the  peTsisting  smell  of  turpentine  will  be  reeognised. 

The  oil  of  veroK  is  generally  adulterated  with  alcohol,  or  with 
oil  of  petit  grain. 

The  presence  of  alcohol  moj  be  detected  in  the  manuer  above 
related,  hut  that  of  oil  of  petit  grain  is  more  difficultly  recognised, 
and  the  suspected  article  had  better  be  compared,  bj  evaporatioii 
of  a  drop  on  the  bsck  of  the  hand,  with  the  genuloe  oil. 

Ot/o  of  roHL'i  is  often  adulterated  with  oil  of  Ithodes,  which  oil 
has  an  odour  of  roses,  hut  otto  of  rosea  which  has  been  mixed 
with  that  oil  loses  its  butyious  consoatencc. 

The  'Chemical  Times'  for  August  25,  1849,  published  the 
following  remarks  by  Mr.  Guibocet  on  the  'means  of  determining- 
the  purity  of  the  otto  of  roses.' 

'The  high  price  of  this  article  renders  if  a  matter  of  great 
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remsdn  at  rest ;  otherwise  it  becomes  nebulous  and  opaque,  like 
that  which  has  been  adulterated. 

'  The  oil  most  frequently  used  for  its  adulteration  is  that  of 
fieveral  species  of  pelargonium.  The  oils  derived  ftom  the 
different  species  cannot  be  all  identical,  since  M.  Heclxtz  has 
described  one  which  is  solid,  whilst  that  which  is  met  with  in 
commerce  is  always  liquid.  The  oil  which  I  employed  for  com- 
parison is  called  oil  of  geranium,  and  came  from  Nice.  I  also 
examined  some  oil  of  rosewood,  which  was  distilled  at  Paris  some 
years  ago,  and  some  of  that  found  in  commerce.  Three  reagents 
will  serve  to  distinguish  the  pure  otto— iodine^  nitrous  acid  vapour, 
and  sulphuric  add. 

'  Test  loith  Iodine, — ^A  small  quantity  of  iodine  is  placed  in  a 
small  glass  vessel  with  a  wide  mouth ;  around  it  watch-glasses 
are  arranged,  each  containing  one  or  two  drops  of  the  oil  under 
examination,  and  the  whole  is  covered  with  a  glass  bell.  At  the 
end  of  a  few  hours  the  vapour  of  the  iodine  is  found  to  have  con- 
densed upon  every  part  of  the  interior  of  the  glass  bell,  and  upon 
the  glasses  containing  the  oils ;  but  the  margin  of  the  watch-glasses 
containing  the  substituted  oil  is  much  more  coloured  than  tiiat  of 
the  glass  conttuning  the  otto ;  and,  when  the  former  oils  become 
brown,  the  latter  retains  its  natural  colour.  After  some  hours  the 
vessel  containing  the  iodine  may  be  removed ;  and  then,  the  effect 
still  continuing,  the  otto  remains  white,  whilst  the  other  oils 
become  perfectly  black.  On  exposing  the  watch-glasses  to  the  air, 
the  iodine  which  has  condensed  upon  the  margin  of  those  con- 
taining the  otto  is  volatilized,  and  the  glass  becomes  almost 
colourless,  whilst  the  others  retain  their  black  colour.  I  am 
satisfied  that  this  test  will  serve,  not  only  to  determine  the  nature 
of  the  otto  of  roses,  but  also  whether  any  oil  of  geranium  or  rose- 
wood is  present  in  it  or  not. 

'  Nitrous  Acid  Test, — For  this  I  use  a  small  glass  vessel,  placed 
upon  a  plate.  10  or  1 5  grammes  ofconcentrated  nitric  acid  are  placed 
in  it,  and  some  copper-turnings  added.  Around  this  watch-glasses 
are  placed,  containing  one,  or  at  the  most  two  drops  of  the  oils,  and 
the  whole  is  covered  with  a  flat  glass  bell.  In  a  few  minutes  the 
oil  of  rosewood  acquires  a  dark  yellow  colour ;  the  otto  has 
nearly  the  same  colour ;  whilst  the  oil  of  geranium  becomes  of  an 
apple-green  colour,  and  retains  the  same  for  some  time. 

'This  t^st  will  serve  to  distinguish  the  two  oils  when  in  a 
state  of  purity,  and  may  even  serve  to  recognise  oil  of  geranium 
containing  the  otto,  because  of  the  yellow  colour  which  it  imparts 
to  the  latter ;  but  it  is  evident  that  it  cannot  serve  to  determine 
the  presence  of  the  oil  of  geranium  in  the  otto  of  roses. 
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'  SulphuHi:  Acid  Teit.~Ona  or  two  dropa  of  the  oil  to  be  tested 
are  put  into  a  watch-glnas ;  tho  Bamo  numbiT  of  drops  of  very 
concentrated  Eulpliuric  acid  nr«  added,  and  tho  two  fluids  mixed 
with  a  glass  rod.  All  the  olla  are  Tendered  more  or  !e^  brown 
bj  this  proceediog ;  but— 

'The  olto  of  roBes  retains  the  purity  of  its  odour. 

'The  oil  of  geTanium  acquires  a  strong  and  disagreeable 
odour,  which  is  perfectly  chiiracteristie. 

'  The  odour  of  the  oil  of  rosewood  is  increased,  and  becomea 
somewhat  imctuona.     It  is  not,  however,  characteristic. 

'The  commercial  oil  of  rosewood  acquires  an  odour  distinctly 
liitQ  that  of  cii1)eb->. 

'  Of  the^e  three  methods,  that  with  sulphuric  acid  is  by  far 
the  best  for  distinguishing  the  otto  of  roses  from  the  oil  of 
geranium,  and  for  the  recognition  of  the  second  in  the  former. 
The  iodine  teat  is  also  very  certwD,  but  it  requires  considerably 
more  time.  The  nitrous  acid  teat  will  servs  to  recognise  the  two 
oils  when  not  miscd,  or  even  to  detect  the  otto  of  roses  in  the  oil 
of  geranium,  but  not  the  latter  when  mixed  with  the  former.' — 
'Joum.  de  Phnrtn.' 

oxt.  or  vzTRZOK.    Site  gciPnnuc  Acid. 

OPIUHK. — In  the  European  market  three  aorta  of  opium  are 
distinguished,    i  iz.    Smyrna    opium,   opium    of    Constantinople, 
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a  Tory  feeble  smell,  and  contains  only  3  to  4  per  cent,  of 
morphja. 

To  these  three  principal  species  we  might  add  the  India  opnm, 
which,  according  to  Dr.  Thoxsok,  contains  three  times  less  mor- 
phia than  the  Smyrna  variety. 

The  following  constituentSi  with  the  exception  of  opianine,  have 
been  ascertained  to  exist  in  most  kinds  of  opium  (Millbb)  : 


Meconicadd  . 
fi.  Morphia 

2.  Codeia    • 

3.  Thebaia 
^••<  4,  Popaverine 
^    5.  Opianine 

6.  Narcotina 

7.  Narceia. 
Meconine. 
liesinous  matter. 
Caoutchouc. 
Essential  oil   . 
Mucilnge  or  gum. 


from  6  to  8  per  cent 
firom  6  to  12 
less  than  i 
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(from  Egyptian  opium), 
from  6  to  8  per  cent. 


4  or  5  per  cent. 


But  opium  is  most  extensiyely  adulterated,  perfecUy  genum$ 
samples  being,  in  fact,  very  rare.  The  drug  of  commerce  contains 
water,  and  often  day^  nandj  gravd,  stdphaie  of  calcium,  dwtigof  thetp 
and  oxen,  extracts  of  Hquorice,  of  heiiadonna,  of  hemlock,  ceUmtUn 
and  lettuce,  of  glaucium  Itdeum,  bruised  grapes,  freed  from  their 
stones,  poppy-stalks  and  husks  (previously  beaten  up  with  white  of 
egg) ;  sometimes  also  the  grounds  of  opium,  from  which  the  mor- 
phia has  been  extracted,  are  sold  as  the  entire  drug. 

The  amount  of  water  in  opium  may  be  ascertained  by  drying  a 
weighed  portion  in  the  water-oven  at  212^  and  noting  the  loss. 
Mineral  adulterations  may  be  detected  by  incinerating  a  known 
weight  of  the  drug  and  weighing  and  examining  the  residue. 
But,  as  a  rule,  the  best  method  of  testing  opium  is  to  detennine 
the  quantity  of  morphia  which  it  contains.  For  this  there  are 
several  processes. 

I.  jRobiquet*s  MeiJtod, — ^Make  an  aqueous  extract  of  the  opium  in 
the  following  manner: — Cut  the  opium  in  slices,  and  let  them  mace- 
rate for  12  hours  in  six  times  their  weight  of  water,  so  that  they 
may  become  soft ;  triturate  the  whole  well,  and  let  it  stand  at  rest 
for  12  hours  more ;  filter  through  linen,  squeeze  the  residue  on  the 
filter,  remove  it  from  the  filter,  and  subject  it  to  the  same  treat- 
ment again  with  a  fresh  quantity  of  water.  The  liquor  strained 
in  the  first  and  second  operation  should  then  be  mixed  together^ 
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nnd  cvnpoiated  to  the  consistence  of  an  extnict  Redissolve  thu 
eitnict  in  water,  tmd  eonneatrftte  the  solution.  To  ihia  concen- 
tmlcd  solution  add  n  small  quantity  of  mapneain  (lo  grains  of 
niBgnuHift  per  lb.  of  opium  ato  sufEcient),  and  hoil  iha  whole  for 
about  one  quarter  of  an  hour.  This  producea  B  Tather  consider- 
able deposit  of  a  greyish  colour,  which  conaistd  of  free  raagneeia, 
of  basic  nieconnfe  of  magnesium,  of  morphine,  of  narcotine,  and  of 
colouring  mutter.  Filter  and  waah  the  precipitate  with  cold 
water,  and  macerate  it  in  weai  alcohol,  but  without  boiling,  for 
morphine  is  soluble  in  hot  alcohol.  This  remoTcs  n  great  propor- 
tion of  the  colouring'  matter,  and  the  narcotic  acid,  with  a  very 
small  quantity  nf  morphine.  The  liquor  is  liltvred  ngain,  and  the 
deposit  is  washed  with  a  little  cold  alcobol,  squeezed,  dried,  and 
finally  boiled  several  times  with  fresh  portions  of  pure  or  anhydrous 
alcnbol,  until  this  menstruum  no  longer  dissolves  anything;  the 
liquors  are  evaporated,  aod  cooling,  the  morpbine  is  deposited  in 
nlmost  colourles3  crystals.  By  recrystallizing  it,  it  may  be  ob- 
tained quite  white.  The  morphine  obtained  by  this  process,  how- 
ever, is  lery  far  from  being  pure ;  it  retiuns  a  considerable  propor- 

■z.   Tliiboiimery'e  Pi-ocfiM.^Preparc   an   eitract   of  opium,   as 
nbovo  described,  and  dissolve  it  in  water;  add  a  Xat^s  excess  of 
o  the  boiiing  solution,  and  when  cold,  filter  it ;  the  pre- 
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lected  on  a  filter,  washed  with  dilute  spirit^  and  then  dissolved 
in  boiling  rectified  spirit ;  it  crystallizes  on  cooling.  To  separate 
the  narcotine,  it  must  be  washed  with  ether.  The  morphine  is 
then  dried  and  weighed.  Good  opium  should  yield  10  per  cent, 
of  morphine.    (See  AciB  on  *  Medicinal  Substances.') 

4.  GuiUiermon£8  Process, — Take  200  grains  of  the  opium  to 
be  tested,  cut  it  in  slices,  and  triturate  it  in  a  mortar  with  four 
times  its  weight  of  alcohol ;  strain  it  through  linen,  squeeze  the 
residue,  and  pour  upon  it  about  300  grains  more  of  fresh  alcohol ; 
mix  the  strained  liquor  together  in  a  wide-mouthed  bottle,  and  add 
thereto  60  grains  of  ammonia.  In  the  course  of  12  hours  the 
morphia  will  be  spontaneously  separated,  accompanied  by  more 
or  less  narcotine,  the  morphia  covering  the  interior  of  the  vessel 
with  coloured,  large,  and  gritty  crystals,  feeling  like  sand,  the 
narcotine  crystallizing  in  very  light,  small,  white,  and  pearly 
needles.  Wash  these  crystals  with  water,  either  through  a  paper- 
filter  or  linen,  to  free  them  from  the  meconate  of  ammonium  which 
they  contain;  after  which  the  narcotina  maybe  separated  from 
the  morphia  by  decantation  in  water,  which  will  remove  the 
narcotine,  which  is  lighter.  But,  according  to  M.  Miaxhb,  the 
morphia  is  more  effectually  separated  by  washing  the  crystals 
with  60  or  70  grains  of  ether,  morphia  being  insoluble  in  that 
menstruum;  this  is  done  by  triturating  the  pulverized  crystals 
with  the  ether ;  the  morphia  is  left  in  an  insoluble  state ;  it  may 
then  be  dried  and  weighed. 

5.  Staples^  Process. — One  hundred  grains  of  the  powdered  and 
dried  opium  are  exhausted  upon  a  filter  with  some  warm,  pure 
benzol,  until  the  drops  of  benzol  pass  through  colourless.  The 
opium  is  subsequently  dried  upon  the  filter  until  the  odour  of 
benzol  has  entirely  disappeared,  and  the  powder  has  acquired  a  dry 
appearance :  it  is  then  triturated  and  rinsed  into  a  flask  with  ao 
much  water  as  to  make  10  fluid  drachms ;  the  mixture  is  mace- 
rated with  occasional  agitation  for  12  hours,  and  is  then  poured 
upon  a  moistened  filter,  and  tepid  water  allowed  to  percolate 
through  the  opium  until  the  washings  are  quite  or  nearly  colour- 
less. The  aqueous  solution  is  then  evaporated  in  a  beaker  upon 
tho  water-bath  at  a  moderate  heat  to  about  half  a  fluid  ounce,  and 
this  is  mixed  with  an  equal  bulk  of  alcohol  of  a  specific  gravity  of 
Q'835  through  a  small  filter,  and  the  latter  washed  with  a  little 
dilute  alcohol.  Then  one-half  of  a  mixture  consisting  of  60  drops 
of  strong  ammonia  and  two  fluid  drachms  of  alcohol  is  added  with 
agitation,  and  the  mixture  allowed  to  stand  in  a  closed  flask  for 
six  hours,  when  the  remainder  of  the  ammonia  is  added,  and  the 
mixture  permitted  to  rest  again  for  24  hours.    The  crYatallin& 
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deposit  beini^  detftched  from  its  sides,  the  entire  coatents  are  gra- 
duallj  poured  upon  a  fimnll  tfired  filter,  luid  the  crude  crystolliiift 
nmrphiB  wtislicd  with  a  few  drops  of  cold  water  and  dried  at  a 
temperature  nut  exceeding  80°  C,  when  the  morphia  ia  eihausted 
on  the  same  filter  with  n  little  warm  pure  ether,  and  dried  again 
at  the  same  temperature  until  upon  repeated  ireii^hiiigs  the  irelglit 
remains  analteced.  The  weight  indicates  the  percentage  of  mor- 
phia in  the  opium. 

6.  Schiieiili-r'ii  Procesi. — Ten  grammes  (i54.'340  grains)  of  the 
powdered  and  dried  opium  are  exhausted  with  a  mixture  of  1  jo 
grammes  (4  ounces  6^  drachms)  of  water  and  20  grammes  (5 
drachma  9  grains)  of  pure  hydrochloric  acid  ;  the  residue,  after 
extraction,  wushinic,  and  drying',  should  not  exceed  4'5  grammes 
(i  drachm  q^  grains)  in  weight;  to  the  acid  fluid  20  grammes 
(5  drachms  9  grains)  of  common  salt  are  added ;  and  the  liquid, 
after  stiinding  24  hours,  is  passed  through  a  filter  with  the 
(1  washed  with  a  little  dilute  solution  of 
i  theD  added  to  the  filtrate  in  slight 
excess,  and  the  whole  allowed  to  stand  for  34  hours ;  the  crystal- 
line deposit  is  then  collected,  redissolved  in  dilute  acetic  acid  and 
reprecipitnted  with  dilute  ammonia ;  the  precipitate  is  collected 
upon  a  moist  tared  filter,  washed  with  a  little  cold  water,  dried  nt 
ti  heat  jirit  eT:cefd(ng  So"  C.,  nnd  wpighed ;  its  weight  should  not 
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tioD  with  A  little  chloroform  or  bisulphide  of  carbon,  which,  on 
subaiding;  acquires  a  scarlet  colour. 

The  ready  solubility  of  morphia  in  caustic  potash  and  soda, 
and  its  reducing  action  upon  iodic  acid  and  permanganate  of 
potassium,  distinguishes  it  from  all  other  Tegetable  alkaloids. 
The  presence  of  narootia  is  indicated  hykSk  white  crystalline  residue 
left  on  evaporating  on  a  watch-glass  a^ttle  pure  ether,  agitated 
with  a  few  grains  of  the  morphia. 

OZA&ZC  ACZB. — Oxalic  add  occurs  in  transparent  oblique 
rhombic  prisms,  containing  28  per  cent,  of  water  of  crystallization, 
which  they  lose  in  dry  and  warm  air,  the  crystals  crumbling  down 
to  a  soft  white  powder  of  anhydrous  add,  which  may  be  sublimed 
in  a  great  measure  without  decomposition.  Heated  upon  platinum- 
foil,  the  crystals  first  fuse  with  slight  crepitation,  and  finally  are 
competely  dissipated,  emitting  inflammable  fumes. 

Oxalic  acid  is  soluble  in  eight  parts  of  cold  and  in  its  own 
weight  of  boiling  water.  The  solution  is  intensely  sour.  It  should 
not  produce  a  turbidity  when  mixed  with  alcohol,  but  when 
dropped  into  lime-water,  or  into  a  solution  of  sulphate  of  cal- 
dum,  a  copious  white  predpitate,  insoluble  in  acetic  acid  but 
readily  soluble  in  hydrochloric  acid,  should  be  produced.  When 
heated  with  concentrated  sulphuric  add,  oxalic  add  is  resolved 
into  carbonic  add  and  carbonic  oxide  (equal  volumes),  without 
being  charred,  the  latter  burning  with  a  blue  flame. 

Crude  commercial  oxalic  add  generally  leaves  a  very  small 
trace  of  residue,  too  insignificant  to  impair  the  quality  of  the 
acid  or  render  it  unfit  for  its  common  technical  applications. 

OZIBB  or  COBA&T.     See  COBALT. 

ozzBB  or  znrc.    See  Zisc, 

OXTMmtZATBOrillBmOVST.  iSiMCOBBOSIVESnBLUIATB. 

FACXOiro.    See  Gbbkak  Silver. 
r  A&MC  OZ&.    See  On.. 

See  Oxide  of  Znra 
(Coloured).    See  Blavo  Mange. 
. — Pepper  is  the  fruit  of  various  kinds  of  plants^ 
which  grow  principally  in  India,  Java,  and  the  Eastern  islands. 
The  following  varieties  are  met  with  in  commerce — ^namely,  blade 
pepper,  white  pepper,  cayenne  pepper,  long  pepper,  and  cubeba. 

Black  Pepper.-^Qood.  black  pepper  should  have  a  very  hd^ 
pungent  taste,  and  a  strong  aromatic  odour ;  the  grains  should  bo 
hard  and  not  very  full  of  wrinkles;  that  which  is  in  small 
shrivelled  grains  is  of  inferior  quality;  neither  should  the  gnuna 
break  easily  when  pressed  between  tlie  fingers.  Black  pepper 
&om  Malabar  is  the  best 
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lOttepf^pCT- 13  the  ssiDesubettuiceaa  black  pepper,  from  whicli 
the  oulec  coating-  baa  been  rcnioTad  by  blancliing;  it  ia  accord- 
ingly much  less  pungent  nnd  stTong;  than  binck  pepper. 

Itoth  black  BDil  white  pqiper,  when  ground,  are  very  oftea 
aduitemted,  and  aometinics  in  an  extraurdinarr  degree,  with 
ground  oil-cake,  liinecd-mcal,  ond  other  lika  substances.  The  best 
way  of  guarding  Against  adulteration  is,  like  for  coiFeo,  to  buy  tha 
article  in  the  grain,  and  to  examine  whether  it  has  the  appear- 
ance which  we  hare  described  above,  and  which  are  the  criteria 
of  a  good  quality. 

MM.  Busar  and  BocTRoy-CnABL.tKD  ('TraiW  dea  nioyeas  do 
reconnoitre  les  Falsifications  dea  Droj^es  eimplea  et  Coniposifes ') 
describe  a  fnlaification  of  the  grains  of  pepper,  by  manafactvritiff 
them  with  cayenne  pepper,  mustard,  and  various  acrid  and 
pungent  powders,  made  into  a  paste  with  mucilage,  and  gniDU-> 
lated  in  such  a  way  as  to  bear  considerable  reEemblance  with 
genuine  pepper,  and  scarcely  Tecognixable  when  mixed  with  a 
auitable  quantity  of  the  latter.  Thoy  state  that  the  manufactureT, 
in  order  to  imitate  the  genuine  nrticle  more  closely  alill,  introduces 
into  the  interiur  of  tlie  false  grains  a  mustard'Seed  as  a  kernel  to 
the  above  paste,  wj  that  on  breaking  the  artificial  grain  the 
mustard-seed,  wliich  has  boconie  loose  by  drying,  falls  o 
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pepper  yields  about  i^  per  cent  of  piperine ;  and  of  coarse,  if  the 
article  is  adulterated,  the  reduced  proportion  of  the  piperine 
obtained  may  serve  to  indicate  the  quality  of  the  pepper,  or  the 
totent  of  the  fraud. 

FB&UVIAV  BASX. — Estimation  of  the  Alkaloids  in  C&t- 
chona  Barks  (Hopfmaxn,  *  Manual  of  Chem.  Anal,  as  applied  to 
the  Examination  of  Medicinal  Chemicals'). — A  fair  average  quan- 
tity of  the  bark  is  reduced  to  powder.  10  drachms  are  mixed 
with  an  equal  bulk  of  coarsely-powdered  glasss,  and  introduced 
into  a  comparatively  narrow  glass  percolator,  whose  lower  end  ia 
drawn  into  a  point  and  loosely  closed  with  cotton ;  the  powder  is 
covered  with  a  layer  of  glass  or  quartz,  and  when  the  percolator 
is  placed  in  a  perpendicular  position,  water,  acidulated  with 
about  one  per  cent,  of  concentrated  sulphuric  acid,  is  introduced^ 
until  it  has  penetrated  the  column  and  commences  to  drop  out ; 
then  the  upper  orifice  is  corked,  and  the  whole  allowed  to  stand 
for  several  hours,  when  the  cork  is  removed,  and  the  percolation 
with  the  acidulated  water  is  continued  until  a  few  drops  of  the 
menstruum,  received  in  a  test-tube,  cease  to  have  a  bitter  taste  or 
to  become  turbid  on  the  addition  oif  ammonia.  The  entire  liquid 
is  then  poured  into  a  porcelain  dish,  and  three  drachms  of 
powdered  calcined  marble  are  added,  and  the  mixture  evaporated 
to  dryness  on  a  water-bath.  The  dry  residue  is  triturated,  intro- 
duced into  a  flask,  and  repeatedly  and  completely  extracted  with 
strong  alcohol.  The  filtered  alcoholic  solution  is  evaporated  in  a 
small  tared  beaker-glass  at  a  gentle  heat,  and  when  dry  the  beaker 
is  allowed  to  stand  for  several  hours  at  a  temperature  near  80°  C. ;  it 
is  finally  weighed ;  and  when  the  tare  is  subtracted,  the  difference 
answers  approximately  to  the  quantity  of  cinchona  alkaloids  cun-^ 
tained  in  10  drachms  of  the  bark. 

According  to  F.  HovFMAmr,  the  most  reliable  method  for  the 
estimation  of  the  value  of  commercial  cinchona  bark  designed  for 
the  manufacture  of  sulphate  of  quinine,  is  the  preparation  of  the 
sulphate  of  quinine  on  a  small  scale  by  the  process  of  the  U.S. 
Pharmacopoeia. 

12  ounces  of  the  bark,  in  coarse  powder,  are  thoroughly  mixed 
with  4  pints  of  water  and  half  an  ounce  of  hydrochloric  acid  of 
1*160  sp.  gr.  The  mixture  is  allowed  to  macerate  for  twelve 
hours,  and  is  then  gentiy  boiled  in  a  porcelain  capsule  for  about 
one  hour ;  it  is  then  strained  through  muslin,  and  the  residue  ia 
boiled  twice  successively  with  half  of  a  mixture  consisting  of  three 
pints  of  water  and  three  drachms  of  hydrochloric  acid,  and 
strained ;  the  powder  is  finally  submitted  in  the  muslin  to  a  gentle 
pressure,  and  this  is  repeated  again  aftec  it  li%&  \m«cv  tx^sss^usc^^^ 
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^vith  about  si:  ounces  of  boiling;  water.  The  obtniued  liquids  toe 
mixed  in  n  porcelain  copsule,  and  heated  ;  now,  while  hot,  a 
mixtitre  of  ten  dniclinia  of  lime,  preriou^lv  Bkked  with  eipiht 
ounces  of  wnler,  ia  RraduBlly  edded,  with  conBtiint  stirring  with  a 
glass  rod  until  the  solution  of  lime,  and  the  corresponding  fiirma- 
tion  of  B  precipitate  of  quinine,  cease,  or  until  the  paper  turns 
turmeric-paper  brown.  The  precipitate  is  collected  upon  a  filter, 
and  -washed  with  distilled  water  until  this  ceases  to  cniua  a 
turbidity,  when  a  few  dropa  aro  allowed  to  fall  into  n  solution  of 
nitrate  of  silver  acidulated  -with  nitric  acid ;  the  precipitate  is 
then  dried,  and  when  detached  from  the  filter  r;:duced  to  a  fins 
powder,  wliich  ia  guccessivel;  ezbausted  with  decrensinp  quantities 
of  boilinfi  alcohol,  aepflrating'  the  alcohol  from  the  preciptlate  by 
dflcantation,  which  operation  is  repented  until  the  alcoliol  ia  no 
longer  rendered  bitter.  The  obtained  alcoholic  solutions  ara 
mixed,  and  are  cono^otratcd  to  a  syrupv  consistence  either  hy 
evnpomtico  or  distillalion ;  the  remaiader  is  then  trnnsferred  and 
rinsed  into  n  flnsk  with  twelve  ounces  of  boiling  water ;  it  is  then 
hoated  toboilini;,  andsomuch  dilute  sulphuric  acid  is  added  aajust 
completely  to  dissolve  the  quinia ;  then  half  an  ounce  of  com- 
mon aninml  charcoal  is  added,  or  so  niu:^h  as  to  leave  the  liquid 
of  a  faintly  ncid  reaction  upon  blue  litmus-paper.    After  a  few 
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to  macerate  for  24  hours.  Transfer  the  whole  to  a  small  per- 
colator, aody  after  the  fluid  has  ceased  to  drop,  add  at  intenrals 
about  an  ounce  and  a  half  of  similai'ly  acidulated  water,  or  until 
the  fluid  which  passes  through  is  free  from  colour.  Add  to  the 
percolated  fluid  solution  of  subacetate  of  lead  until  nearly  the 
whole  of  the  colouring  matter  has  been  removed,  taking  care  that 
the  fluid  remains  acid  in  reaction.  Filter,  and  wash  with  a  Ij^e 
distilled  water.  To  the  filtrate  add  about  35  grains  of  hydrate  of 
potash,  or  as  much  as  will  cause  the  precipitate  which  is  at  first 
formed  to  be  nearly  redissolved,  and  afterwards  6  fluid  drachms  of 
ether.  Then  shake  briskly,  and  having  removed  the  ether,  repeat 
the  process  twice  with  3  fluid  drachms  of  ether,  or  until  a 
drop  of  the  ether  employed  leaves  on  evaporation  scarcely 
any  perceptible  residue.  Lastly,  evaporate  the  mixed  etberifd 
solutions  in  a  capsule.  The  residue,  which  consists  of  nearly 
pure  quinia,  when  dry,  should  weigh  not  less  than  2  grains  (2 
per  cent),  and  should  be  readily  soluble  in  dilute  sulphuric  acid. 

FB08PBATB  OF  SOBZinMC. — Phosphate  of  sodium  is  met 
with  in  oblong  rhombic  crystals,  or  in  small  white,  nacreous, 
shining  plates,  which  do  not  readily  effloresce  by  exposure ;  of  a 
slightly  saline  but  not  bitter  tastn.  Phosphate  of  sodium  titiiis 
syrup  of  violets  green.  It  is  soluble  in  three  parts  of  cold  and 
two  of  boiling  water.  Its  solution  is  precipitated  by  barytic  salts, 
and  the  precipitate  is  completely  soluble,  without  eflervescence,  in 
nitric  acid. 

The  salts  by  which  phosphate  of  sodium  is  generally  con- 
taminated are  mlphate  or  carbonate  of  sodiuni,  chloride  of  sodiumf 
and  sometimes  a  little  arsenic  or  arsenious  acid. 

The  presence  of  etdpkate  of  sodium  is  detected  by  dissolving  a 
portion  of  the  salt  in  distilled  water,  and  acidifying  it  with  nitric 
or  hydrochloric  acid.  If  a  solution  of  chloride  of  barium,  or  of 
nitrate  of  barium,  being  now  added,  produces  a  white  precipitate, 
vuoluble  in  water  and  in  acids,  it  is  sulphate  of  barium;  the 
liquor  containing  the  precipitate  should  be  boiled  a  little  in  order 
to  agglomerate  it,  and  after  settling,  it  is  collected  on  a  filter, 
washed,  dried,  and  ignited.  117  grains  of  sulphate  of  barium 
repiesent  40  of  anhydrous  sulphuric  acid,  and  consequently  172  of 
diy  sulphate  of  sodium ;  or  each  grain  of  sulphate  of  barium 
represents  034368  grain  of  sulphuric  acid. 

The  presence  of  carbonate  of  sodium,  or  of  any  other  car^ 
bonate,  is  detected  by  moistening  the  salt  with  a  little  water,  and 
pouring  an  acid  upon  it,  which  will  produce  a  disengagement  of 
carbonic  acid,  the  quantity  of  which  may  be  readily  estimated  by 
Drs.  Fresexitjs'  and  Wills'  appaiatus.    (See  AlkaUm^rti.) 
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The  quautitj  of  curboaata  of  sodium  in  pbosplinte  of  aodiuitf 
mny  alao  be  eatimaled  by  carefully  precipitating  the  solution  witlv 
nitrate  of  bariuiu,  collecting  tLe  precipitnte,  wnahing,  drying,  fuid 
tben  weighing  it.  It  abould  then  be  treated  by  iveak  nitric  acid, 
whicb  'will  i^dissolve  tbe  carbonate  and  phoapbate  of  barium,  snd. 
leave  any  Gulpliate  trliicb  may  be  present  in  an  insoluble  state; 
tbe  Qltrate  being:  now  Mturnted  by  amtoonia,  tbe  phoepbats  of 
barium  alone  ivill  be  precipitated,  and  after  separating  it  by 
filtering,  the  baryta  left  in  the  eolulion  may  now  be  precipitated 
by  boilinj;  with  carbonate  of  ammonium ;  each  grain  of  carbonate 
of  barium  thus  precipitated  corresponds  to  o'545  grain  of  car- 
bonate of  sodium.  If  a  solution  of  carbonate  of  sodium  being 
added  to  one  of  phosphate  of  sodium  renders  it  turbid,  it  ia  a  proof 
of  thi3  presence  of  nn  earthy  base. 

The  presence  of  chloride  of  todiiun  ia  recognised  by  dissolving 
n  portion  of  the  phosphate  of  sodium  under  examination  in  water, 
neidifying  the  solution  with  nitric  acid,  and  testing  with  solutioD 
of  nitrate  of  silver,  whicb  will  then  produce  a  precipitate  of 
chloride  of  silver,  insoluble  in  dilute  acids,  but  immediately 
soluble  in  ammonia. 

Artaiic  and  aiseniuiit  ai-idit,  which  exist  sometimes  in  phos- 
phate of  sodium,  mny  be  detected  by  dissolving  tbe  phosphate, 
adding  hydrnchlnric  noid  to  the  solution,  and  paFi?ing  a  curront  of 
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of  the  crucible  when  cold;  it  is  heated  to  faint  redness,  and 
weighed;  the  weight,  subtracted  from  the  sum  of  the  weights  of 
the  ore  and  silver  employed,  gives  the  amount  of  sand. 

(2.)  Determination  of  Osmium  and  Iridium, — About  2  grammes 
of  the  ore  are  repeatedly  treated  with  aqua-regia  until  the  whole 
of  the  platinum  is  dissolved,  which  is  known  by  the  solution  being 
no  longer  coloured.  The  insoluble  residue  is  ostnide  of  iridium  in 
the  form  of  spangles,  together  with  the  sand ;  it  is  washed  by 
decantation,  dried,  and  weighed ;  by  subtracting  the  weight  of  the 
sand  obtained  in  the  former  operation^  we  get  the  weight  of  the 
osmide  of  iridium. 

(3.)  Determination  of  the  FUUinum  and  Iridium, — The  solu- 
tion obtained  in  the  last  operation  is  evaporated  to  dryness  on  the 
water-bath,  redissolved  in  a  little  water,  alcohol  added,  and  then 
crystals  of  sal-ammoniac  in  great  excess ;  after  standing  for  twenty- 
four  hours  the  orange-yellow  or  reddish-brown  precipitate  is 
thrown  on  a  filter,  and  washed  with  alcohol:  it  consists  of  .the 
ammonio-chlorides  of  platinum  and  iridium,  but  a  portion  still 
remains  in  the  solution ;  the  double  chlorides  of  the  two  metal% 
after  being  dried,  are  heated  to  low  redness  in  a  platinum  crucible, 
and  the  filter  is  burnt  at  the  lowest  possible  temperature;  to 
favour  the  reduction  of  the  iridium,  and  the  escape  of  the  last 
traces  of  osmium,  a  piece  of  paper  saturated  with  turpentine  is 
introduced  into  the  crucible.  The  heat  is  now  raised  gradually  to 
whiteness,  and  the  reduction  of  the  metal  is  finished  in  a  current 
of  hydrogen.  The  filtrate  from  the  double  chlorides  of  platinum 
and  iridium  is  concentrated  until  the  greater  part  of  the  sal- 
ammoniac  crystallizes  out ;  it  is  then  allowed  to  cool,  upon  which 
a  deep  violet-coloured  precipitate  is  formed;  this  is  ammonio- 
chloride  of  iridium,  mixed  with  a  little  of  the  corresponding 
platinum  salt ;  it  is  collected  on  a  filter,  and  washed  fijrst  with  a 
solution  of  sal-ammoniac,  and  then  with  alcohol,  after  which  it  is 
dried  and  ignited  in  a  current  of  hydrogen.  The  results  of  the 
two  reductions  are  weighed  and  digested  at  about  120°  F.,  with 
repeated  portions  of  aqua-regia  diluted  with  five  or  six  times  its 
bulk  of  water,  till  the  liquid  is  no  longer  coloured;  all  the 
platinum  is  dissolved,  leaving  as  a  residue  iridium  in  a  state  of 
purity. 

(4.)  Determination  of  the  Palladium,  Iron,  and  Copper, — 
These  metals  are  contained  in  the  liquor  fiom  which  the  platinum 
and  iridium  have  been  separated.  The  alcohol  and  chloride  of 
ammonium  are  evaporated  off,  the  removal  of  the  latter  being 
facilitated  by  the  addition  of  nitric  acid,  which  transforms  it  into 
nitrogen  and  hydrochloric  add;    the  evaporation  is  Goivti&n^l 
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ftlmoBt  to  drjneBS ;  the  rasdue  Is  tmufeired  to  a  wuglied  pois 
celain  crucible,  &nd  vheu  dij  ii  maiBtened  with  nJphids  of 
ammonium,  and  looeelf  covered  with  two  or  three  grammeB  of 
pure  sulphur.  The  crucible  ii  corerad,  placed  in  t  larger  dmf 
crucible,  find  surrounded  with  piece*  of  wood-charcoal ;  a  cover  it 
then  put  upon  the  clay  crucible,  and  it  ia  brought  alowljr  up  to  n 
bright  red-beat,  the  fire  being  lighted  at  the  top  of  the  furnace  ia 
Older  to  avoid  the  prajection  of  any  matter  &om  the  ciudbla, 
which  might  happen  if  it  were  too  quickly  heated.  When  cold, 
the  inner  crucible  contains  paBtuSum  in  the  metallic  stitte,  ndth 
the  sulphides  of  iron  and  copper,  and  also  the  gold  and  the 
rhodium.  The  mixture  is  digested  &r  a  long  time  at  150°  with 
concenbated  nitric  acid,  which  diuolvea  the  paUndtian,  troH,  and 
topper,  converting  tbeni  into  nitrates.  These  ore  dissolved  out  by 
water,  and  the  reudue  well  washed ;  the  Boludcm  and  washinga 
ore  evaporated  to  dryness,  and  then  caldned  at  a  strong  red-heat ; 
the  palladium  is  reduced,  and  the  inm  and  copper  are  converted 
into  oxides,  which  ore  easily  sepoiated  from  the  palladium  by 
strong  hydrochloric  acid,  and  the  latter,  now  in  a  rtste  of  purity, 
is  strongly  ignited  end  weifi:hed.  The  chlorides  of  copper  and 
n  ore  treated  in  the  usual  vikj  tat  the  determination  of  eocli 
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internally,  very  hard,  deliqnescent,  and  of  an  intensely  alkaline, 
bitter,  caustic  taste.  The  brown  coloor  is  due  to  the  presence  of 
organic  matter.  When  the  potash  produced,  as  aboye  described, 
is  put  into  a  reverberatory  furnace  and  calcined,  the  yegetable 
matter  is  destroyed,  and  the  potash  becomes  of  a  bluish-white 
colour,  and  is  called  pearlash. 

Potash  and  pearlash  are  chiefly  manufactured  in  Kusna, 
Poland,  and  America,  the  immense  forests  of  those  countries 
supplying  an  abundance  of  fuel,  and  consequently  of  ashes.  Both 
potash  and  pearlash  are  of  great  importance  in  several  manufac- 
tures. The  processes  by  which  their  commercial  or  alkaline  yalue 
can  be  determined  have  been  fully  detailed  in  the  article  on 
AOcaltmetrf/. 

Canstlo  Fotasb,  Bydrate  of  Fotasb. — ^Pure  or  caustic 
potash  is  obtained  from  the  commercial  potash  (carbonate  of  po- 
tassium) by  dissolving  one  part  of  the  latter  substance  in  about 
10  or  12  parts  of  water,  boiling  the  solution  in  a  clean  iron  vessd, 
and  adding  slaked  lime,  in  small  portions  at  a  time,  to  the  boiling 
solution,  until  on  filtering  a  portion  of  it  and  receiving  the  drops 
in  hydrochloric  acid,  not  the  slightest  effervescence  is  observed ; 
ordinarily  about  one  part  of  quick  lime,  previously  slaked,  is  suffi- 
cient for  two  parts  of  commercial  potash.  The  solution  is  then 
allowed  to  subside,  the  clear  liquor  is  decanted  or  syphoned  out, 
and  evaporated  in  a  polished  iron  vessel,  or  better  still,  in  a  basin 
of  pure  silver,  until  it  assumes  the  appearance  of  a  syrupy  mass, 
which  concretes  in  cooling. 

Caustic  potash  is  ordinarily  in  flat,  irregular,  brittle  fragments, 
of  a  grayish-white  and  sometimes  reddish  colour ;  when  pure, 
they  should  be  perfectly  white ;  their  taste  is  excessively  caustic, 
and  they  have  a  slight  odour  of  potash  ley.    Aa  they  are  ex- 


tremely  deliquescent,  aad  attract  prDiu])t1y  the  cnrbiinii.'  acid  of 
the  air  by  espoaure,  they  sliould  be  kept  in  well  etopperedi 
Boika. 

Pure  or  cauHtic  potash  is  generally  contaminated  by  tilica  and 
oliiiiiina,  which  impuriUes  may  be  readily  detected  by  dissolving 
a  portioa  of  the  potash  under  einminatioQ  in  water,  supenaturKt- 
ing  the  (illiidi  with  bydrochlaric  acid,  evaporating  to  dryneea, 
moiateniu^  the  dry  rettiduuni  with  dilute  hydrochloric  Bcid,  and 
then,  after  a  little  while,  pouring  a  sufficient  quHntity  of  water 
upon  it ;  the  eitica,  if  any  be  present,  will  be  found  in  an  ioaoluble 
State.  It  may  then  be  colkcted  on  a  filter,  washed,  dried,  ignited, 
and  weighed. 

The  liquor  filtered  from  the  silica  being  tusted  with  carbonate 
of  nmrnoninm,  will  produce  a  while,  flaky  precipitate  of  aluminii, 
if  that  earth  be  present.  This  precipitate,  which  is  bulky,  ahoold 
be  washed  with  hot  water,  thoroughly  dried,  ignited,  and  then 

If  the  potash  contains  any  peroxide  of  iron,  it  has  a  brown  or 
reddish  colour,  and  lupon  diasolTing  it  iu  bailing  water  the  pe> 
oiide  of  iron  is  left  in  an  insoluble  state ;  the  quantity  may  be 
determined  b^'  collectin^r  it  on  a  filter,  washing  it  tlioroughly  with 
hot  water,  drying  it  perfectly,  and  then  igniting  and  weighing  it. 

If  a  chliride  ("chloride  of  potH?fliiim>  bo  prpjcnt,  it  may  be 
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of  an  acid  will  produce  an  effervescence.  The  quantity  of  the 
carbonate  may  be  determined  either  by  means  of  Drs.  Freseniits' 
and  Wills'  apparatus  (see  Alkalimetry) y  or  else  a  given  weight  of 
the  solution  being  diluted  with  water,  a  solution  of  chloride  of 
barium  should  be  added,  which  will  then  produce  a  precipitate  of 
carbonate  of  barium.  When  the  precipitate  has  completely  settled, 
which  requires  several  hours,  the  liquid  is  poured  on  the  filter,  hot 
water  is  then  added  to  the  precipitate,  and  after  having  shaken  it 
^violently,  it  is  allowed  to  settle  again.  This  operation  having 
been  repeated  several  times,  the  precipitate  is  finally  collected  on 
a  filter.  The  funnel  must  be  sheltered  from  the  contact  of  the 
air  during  the  filtering,  in  order  to  guard  against  the  carbonic  acid 
of  the  air  augmenting  the  quantity  of  the  earthy  carbonate  pro- 
educed.  The  precipitate  should  then  be  washed  until  the  filtered 
liquor  ceases  to  afford  a  precipitate  when  tested  with  nitrate  of 
silver,  to  which  a  little  free  nitric  add  has  been  added.  The 
•carbonate  of  barium  on  the  filter  is  then  dried,  ignited,  and 
weighed ;  it  does  not  lose  any  carbonic  acid  by  ignition.  Each 
grain  of  carbonate  of  barium  contains  0*22414  grain  of  carbonic 
acid,  which  represents  therefore  0*63166  grain  of  carbonate  of 
potassium. 

K  both  a  9uiphate  and  a  carbonate  are  present,  and  a  solution  of 
•chloride  of  barium  is  used,  the  precipitate  vnll  consist  of  both 
sulphate  and  carbonate  of  barium.  The  collective  precipitate 
should  therefore  be  washed,  dried,  and  weighed,  after  which 
it  should  be  treated  by  hydrochloric  acid,  which  will  diiseolve  the 
carbonate  only,  and  leave  the  sulphate  in  an  insoluble  state,  the 
weight  of  which  being  now  taken  will  show  the  relative  proportion 
of  both  substances,  the  loss  from  the  collective  weight  indicating 
the  proportion  of  carbonate. 

If  traces  of  lime  are  present  in  the  potash,  oxalic  acid  will 
produce  a  precipitate  of  oxalate  of  calcium. 

Snlpliate  of  Potassium  {Sal  du  Duobw), — This  salt  crystal- 
lizes in  short  sixHsided  prisms,  terminated  by  hexaedral  pyramids ; 
the  crystals  are  anhydrous,  hard,  white,  unalterable  by  exposure; 
their  taste  is  slightly  bitter;  they  decrepitate  strongly  when  heated. 
When  strongly  ignited  they  fuse,  but  are  not  decomposed.  Their 
«p.  gr.  is  2-4073. 

According  to  M.  Gay-Ltjssac  : 

100  parts  of  water  at  61^  F.  dissolve  10*5  parts  of  sulphate  of 
potassium. 

100  parts  of  water  at  1 20*2  F.  dissolve  16*9  ditto. 

100  parts  of  water  at  215  F.  dissolve  26*3  ditto. 

Sulphate  of  potassium  is  completely  insoluble  in  alcohol. 
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The  uilplisto  of  potasnum  of  commatM  is  often  ccntemiiwtad 
bj  ttUphale  of  zinc,  of  iron,  tf  fvpff  tf  magiuM,  of  Smm,  tod 
MmetimcB  by  bisulphatr.  ofpatamium. 

The  presence  of  ta'.phaU  cf  aim  i»  detected  hj  duaolvinp  a 
portion  of  the  sfilt  in  water,  aa^tjiag  with  a  little  ^tric  Mid, 
Mid  HUperaAturating  with  tinmonit.  If  wm  is  presed^  nddidf 
brown  flnkes  of  peroxide  of  iron  will  be  pieciiutated,  nnd  ihonU 
be  aepsrated  bj  Slteriug.  If  eappm^  a  pneent,  the  eolntica  will 
hftve  a  bUe  tinge.  Admittinff,  however,  that  the  nit  under  ex- 
amination enntaitts  on  other  impuritiM  than  nilphata  of  due,  the 
solution  will  remain  perfectly  clear  after  the  addition  of  the 
ammonia  ;  that  is  to  say,  at  first  the  ammonia  maj  determine  a 
white  precipitate,  which,  however,  will  be  immediately  rediieolTed 
by  an  exceis  of  the  reagent ;  if  it  is  not  redissolved  it  is  a  ^Mot 
that  some  otbcr  base  is  present,  and  the  liquor  must  be  filtered. 
However  this  may  be,  if  hydrosnlphnret  of  ammonia,  b^ng  added 
to  the  clear,  colourless,  strongly  ammaniacal  liquor,  prodnoea  a 
white  precipitnte  or  cloudiness,  insoluble  in  an  excess  of  hydro- 
sulphuret  of  ammonia,  it  is  certainly  sulphide  of  tine.  If  the 
sulphide  of  zinc  bo  produced  is  in  suffldent  qnantity,  it  maj  be 
collected  on  n  filter,  redissolrod  iu  hydrochloric  add,  boiled  undl 
all  odour  of  sulphuretted  hydrogen  has  disappeared,  filtered,  and 
reprecipitated  as  cnrbonate  of  zinc  by  carbonate  of  potasnum  o 
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Generally,  only  a  trace  of  these  imparities  is  indicated  by 
the  above  tests. 

If  magnesia  alone  is  present,  a  portion  of  the  solution  of 
the  salt;  to  which  no  ammonia  has  been  added,  being  tested  with 
caustic  potash,  will  produce  a  white  precipitate  of  hydraitt  of 
magneflfft.  Or  else  the  solution  of  the  salt  may  be  mixed  with  an 
excess  of  solution  of  sal-ammoniac,  and  then  tested  with  a  solution 
of  phosphate  of  sodium  and"*  ammonia,  which  will  immediately 
produce  a  white  precipitate  of  ammonia-phosphate  of  magnesium. 

If  lime  is  present,  the  solution  of  the  salt  being  tested  with 
a  solution  of  binoxalate  of  potassium,  or  of  oxalate  of  ammonium, 
will  produce  a  white  precipitate,  or  be  rendered  turbid. 

The  presence  of  bmUphate  of  potassium  is  detected,  because 
the  salt,  instead  of  being  neutral  to  test-paper,  reddens  blue  litmus- 
paper.  The  salt  should  be  drenched  with  water  before  testing 
with  litmus-paper. 

Supposing,  however,  which  is  not  probable,  that  all  these 
impurities  are  present  at  the  same  time,  they  may  be  detected 
as  follows : — 

1°.  Dissolve  the  salt  in  water,  acidify  the  solution  with 
hydrochloric  acid,  and  pass  a  stream  of  sulphuretted  hydrogen 
through  it  until  it  smells  strongly  of  the  gas ;  if  a  black  or  dark 
brown  precipitate  is  produced,  it  is  sulphide  of  copper.  Confirm, 
by  collecting  the  black  precipitate  on  a  filter,  redissolve  it  in  nitric 
acid,  and  supersaturate  the  nitric  acid  solution  with  ammonia;  if 
a  blue  colour  is  produced,  copper  is  present. 

2^.  To  the  liquor  filtered  from  the  sulphide  of  copper,  add 
an  excess  of  sal-ammoniac,  and  then  ammonia,  and  whether  a 
precipitate  is  produced  or  not,  add  an  excess  of  hydrosulphuret  of 
ammonia. 

If  a  white  precipitate  only  has  been  produced,  it  is  sul- 
phide of  zinc ;  if  the  precipitate  is  gray  or  black,  zinc  and  iron 
may  be  present.  Collect  the  precipitate  on  a  filter,  and  keep  the 
filtrate  for  further  examination ;  wash  the  precipitate  and  redissolve 
it  in  nitric  acid,  and  supersaturate  the  solution  with  ammonia.  If 
a  reddish-brown  precipitate  is  produced,  insoluble  in  an  excess  of 
ammonia,  it  is  peroxide  of  iron.  Confirm,  by  redissolving  it  in  a 
small  quantity  of  hydrochloric  acid,  so  that  the  solution  may  be  as 
neutral  as  possible,  and  test  a  portion  of  this  with  solution  of  ferro- 
cyanide  of  potassium;  a  blue  precipitate  is  formed;  test  another 
portion  with  tincture  of  galls,  a  black  colour  is  produced.  Iron  is 
present. 

If  the  liquor  filtered  frcMU  the  precipitate   of  peroxide  of 
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iron  producod  bj  AmRionia,  a.nA  wMch  b  Btrongly  ammonioenl, 
clear  and  colourless,  being  now  tested  by  bjdrnsulpburet  of  am- 
monia, yielda  a  white  precipitate,  it  is  eulpbido  of  tine.  The 
wbite  predpitata  which  bydrosulphuret  of  ammonia  proiiucoe  in  a 
clear,  colourlesa,  strongly  ammoniacal  or  albaliae  aolution,  can 
hardly  be  Anything  else  than  sulphide  of  ziuc 

3°.  The  solution  which  was  filtered  from  the  predpitata 
produced  by  ammonia  and  bydroBiilpburet  of  ammonia,  and  which 
was  kept  for  further  exnmination,  ahould  now  be  boiled  with 
hydrochloric  acid  until  all  odour  of  sulphuretted  hydrof^en  has 
disappeared;  filter,  if  necessary,  and  boil  the  filtrate  with  an 
excess  of  carbonate  of  ammonium  mixed  with  ammonia.  If  a  pre- 
cipitate is  produced,  it  is  carbonate  of  calcium.  Collect  the  precipi- 
tate upon  a  filter,  redissolve  it  in  a  small  quanti^  of  hydrochloric 
acid,  neutraliw  with  ammonia,  and  test  with  oialate  of  ammonium  j 
if  a  white  precipitate  is  produced,  lime  is  present. 

If  to  the  liquor  filtered  from  the  precipitata  produced  by 
boiling  with  carbonate  of  ammonium  mixed  with  ammonia,  the 
further  addition  of  pboaphate  of  sodium  produces  a  white  predpi- 

VOTTinU'  ORB.      See  n^LESA  Am)  AiauiFOirx. 

POinVXA.      y'fV  BoK^.t. 

PkSirCfi  KTTPEBT'S  MBTAK.      Sen  liKASS. 
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being  evaporated  leave  no  residuum.  Distilled  water  must  be 
used,  because  if  common  water  containing  bicarbonate  of  calcium 
in  solution  were  employed,  a  portion  of  the  Prussian  blue  would 
be  decomposed  into  oxide  of  iron  and  ferrocjanide  of  calciumy 
which,  being  soluble,  would  be  washed  away. 

Prussian  blue  may  also  be  purified  by  dissolving  a  given  weight 
of  it  in  concentrated  sulphuric  acid,  or  in  hydrochloric  acid,  and 
pouring  the  solution,  drop  by  drop,  in  a  large  quantity  of  water ; 
the  pure  Prussian  blue  precipitates,  whilst  the  other  salts  remain 
in  solution  in  the  water.  The  Prussian  blue  is  then  collected 
upon  a  filter,  washed  and  dried  in  an  oven  at  between  212°  and 
230°  Fahr.,  until  it  no  longer  diminishes  in  weight. 

Prussian  blue  is  known  to  contain  starch  by  boiling  a  portion 
of  it  in  water,  which  will  thicken  into  a  paste. 

The  colouring  power  of  Prussian  blue  may  also  be  tested  by 
grinding  a  given  weight  of  it  with  twenty-five  or  thirty  times  ita 
weight,  or  a  larger  proportion  still,  of  white  lead  and  oil,  and 
comparing  the  colour  which  is  thus  yielded  with  that  produced  by 
a  same  weight  of  genuine  Prussian  blue  treated  in  the  same 
manner. 

The  characteristics  of  good  Prussian  blue  are  lightness,  a  deep, 
fine,  blue  colour,  with  a  coppery  hue;  it  should  adhere  very 
strongly  to  the  tongue,  and  should  not  efiervesce  when  treated  by 
adds,  nor  thicken  when  boiled  in  water. 

PRUSSZATB  or  FOTA8B.  See  FEBBOCrAim)S  OP  Po« 
TASSIUH. 

PTSOiiXOirBOirs  aczb.    See  Vletegab. 

Q1TZCX8Z&VSS.     See  MebCUBY. 

qjjimxm  (Snlpliate  of  Quinine). — Sulphate  of  quinine  is 
prepared  principally  from  the  yellow  or  Calysaya  bark  (see  FerU' 
vian  Bark),  by  the  action  of  sulphuric  acid  upon  quinine. 

Sulphate  of  quinine  is  in  small,  silky,  flexible  tufts,  or  needl^ 
somewhat  resembling  asbestos,  and  has  an  excessively  bitter 
taste,  sparingly  soluble  in  cold  water  (i  part  in  740  of  cold 
water),  soluble  in  30  parts  of  boiling  water,  very  soluble  in  alcohol, 
especially  in  hot  alcohol,  and  in  ether.  This  salt  effloresces  by 
exposure ;  when  heated  it  fuses  like  wax,  and  at  a  temperature  of 
212°  Fahr.  it  becomes  phosphorescent,  especially  by  friction. 

The  solution  of  sulphate  of  quinine  (when  not  too  dilute)  is 
precipitated  by  potash,  soda,  and  ammonia,  in  the  state  of  a  floo- 
culent  white  precipitate,  which  is  hydrate  of  quinine,  which  is 
only  very  sparingly  soluble  in  an  excess  of  the  precipitant  An 
excess  of  ammonia^  however^  ledissolves  partially  the  precipitate, 

T  2 


Tartaric,  oxalic,  and  gallic  scida,  and  tbe  soluble  anltii  of  these 
acida,  and  also  (lie  iDfiuion  of  gflU.  produce  in  tbe  solution  of 
sulphate  of  quictne  a  precipitate  which  is  soluble  ia  an  excess  of 
acid. 

Bicarbonfttc  of  sodium  (according:  to  Dr.  FRESENirs)  immedi- 
ately predpiules  a  concentrated  solution  of  sulphate  of  quinine, 
and  in  dilute  Bolutiaus  n  precipitate  is  produced  by  that  reagent 
in  the  course  of  a  quartet  of  an  hour,  especially  by  stirring  the 
liquor  biislily. 

This  Tery  important  articlft  is  sometimfw  adulterated  by  admix- 
tures  of  guiH,  tngar,  starch,  ehalk,  aulphale  of  barium,  boracic  acid 
lUarine,  mlphafe  of  cutchimiue,  lalirme,  &C. 

The.ie  frauds  niny  be  recognized  in  the  folliiwing  manner: — 

If  the  sulphnte  of  quinine  under  e^iamination  contain  any 
earths,  such  as  chalk,  sulphate  of  calcium,  &c,  their  preseuce  may 
be  detected  by  incinerating  a  portion  ot  the  sample,  wbicb  will 
leave  the  earths  in  the  state  of  fixed  ashes,  the  weight  of  which 
tnny  then  be  directly  ascertained.  Pure  sulphate  of  quinine  should 
not  lesTo  a  trace  of  residue  ;  oTj'fta  sulphate  of  quinine  is  soluble 
in  alcohol,  a  portion  of  the  suspected  sulphate  of  quiniue  may  be 
treated  by  this  menstruum,  which  will  take  up  the  sulphate  of 
quinine  (and  of  cinchonine,  also  the  salicine  if  present),  but  will 
h»\'p  nil  the  pFirtby  impurities,  tileariTiP.  :rnm.  snd  Btarph  in  an  in- 
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The  presence  of  sugar  and  of  ffum  may  also  be  detected  by 
dissolving  a  given  weight  of  the  sample  in  water,  and  adding  car^ 
bonate  of  potassium,  which  precipitates  the  quinine  (and  cincho- 
nine);  the  precipitate  may  be  collected  on  a  filter,  dried,  and 
weighed.  The  sugar  and  gum  remain  in  solution  with  the  svl- 
phate  of  potassium  produced  from  the  decomposition  of  the  car- 
bonate of  potassium  employed,  and  with  any  salicine  that  may  be 
present  By  evaporating  the  solution,  the  presence  of  sugar  will 
be  recognized  by  the  sweet  taste  of  the  solution ;  if  bitter,  sali- 
cine is  present,  and  may  be  detected,  as  will  be  shown  presently. 
The  solution  should  now  be  evaporated  to  dryness  at  a  gentle  heat, 
and  the  residuum  being  treated  with  spirits  of  wine,  the  sugar  will 
be  dissolved,  but  the  gum  and  sulphate  of  potassium  will  remain  in 
an  insoluble  state.  Filter  in  order  to  separate  the  sugar,  and  pour 
hot  water  on  the  insoluble  residuum,  which  will  ^en  be  redia- 
solved ;  test  that  aqueous  solution  with  persulphate  of  iron ;  gum, 
if  present,  will  at  once  be  precipitated  in  the  form  of  a  yellow 
gelatinous  precipitate. 

Starch  may  be  detected  by  boiling  a  portion  of  the  sample  with 
water,  and  allowing  the  whole  to  become  quite  cold.  Test  the 
cold  decoction  with  aqueous  solution  of  iodine ;  if  a  blue  or  nearly 
black  colour  is  produced,  starch  is  present. 

All  organic  substances — starch,  gum,  sugctr,  stearine,  &c. — mixed 
with  sulphate  of  quinine,  may  be  readily  detected  by  pouring  a 
few  drops  of  concentrated  sulphuric  acid  upon  two  or  three  grains 
of  the  suspected  sulphate,  previously  placed  in  a  small  porcelain 
capsule.  The  pure  sulphate  of  quinine  is  immediately  ^ssolved, 
but  the  starch,  gum,  or  sugar  will  be  charred,  and  the  stearine  left 
in  an  insoluble  state ;  but  even  the  stearine  becomes  charred  by 
applying  heat,  whilst  sulphate  of  quinine  is  not  altered  by  the 
treatment  which  converts  it  into  bisulphate  of  quinine. 

If  salicine  be  present,  the  addition  of  concentrated  sulphuric 
acid  will  produce  a  deep  blood-red  colour.  This  property  of 
being  coloured  red  by  sulphuric  acid  belongs  also  to  other  bitter 
principles ;  and,  moreover,  we  should  remark  that  this  reaction 
takes  place  only  when  the  proportion  of  salicine  mixed  with  the 
sulphate  uf  quinine  is  somewhat  considerable;  for  when  under 
10  per  cent,  a  brown  colour  only  is  produced  by  treatment  with 
concentrated  sulphuric  acid,  just  as  if  an  ordinary  organic  matter 
was  present.  M.  Pelletier  directs,  to  dissolve  the  suspected  sample 
in  six  times  its  weight  of  concentrated  sulphuric  acid,  and  then  to 
dilute  the  whole  with  12  parts  of  water,  which  will  precipitate 
the  salicine  in  a  colourless  state,  after  which  it  may  then  be 
identified  by  the  red  colour  which  is  produced  by  treatment  with 
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concentrated  aulpknric  acid,  n  than  mmtaoned ;  or,  a  portion  (^ 
the  Mmple  ma;  be  diegolved  in  mtar,  and  filtered  if  needful ; 
hydrochloric  add  is  then  added,  and  the  mixtuTe  ia  boiled  for 
•ome  time.  If  a  precipitate  he  produced,  it  ia  lalidne ;  collect  it 
on  a  filter,  and  confirm,  bj  treatment  with  ooncestrated  aulphune 

The  presence  of  »al  ammomac,  or  other  ommcwMaeaf  aoft*,  ia 
detected  in  sulphate  of  quinine  hj  the  odour  of  ammonia,,  which  ia 
evohed  when  a  portion  of  the  aample  ia  triturated  with  caustic 
potash. 

Seftction  of  the  Attoaattd  ABtthidt  of  Qmiia  (Cinchonia,  Cin- 
chonidine,  and  Quinidine.) — Ten  gnuna  of  the  sulphate  of  quinine 
are  agitated  in  a  narrow  test-tube  with  a  mixture  conuatinp  of  one 
drachm  by  weight  of  pure  ether  and  10  drops  of  atronf^  ammonia, 
and  thee  allowed  to  re«t.  The  liqiud  should  after  a  while  form 
two  BepaTsle  colourless  and  tnuuparent  lajera,  without  anj  white 
or  crystalline  matter  floating  at  the  line  of  contact  between  the 
two  strata :  such  an  appearance  would  indicate  the  presence  of  the  . 
above  associated  alkaloids. 

Ten  grains  of  the  sulphate  of  quinine  are  diaw^lved  in  a  teat- 
tube  in  one  fluid  drachm  of  distilled  water  and  8  or  10  drops  of 
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time  a  known  weight  of  the  red  lead  with  sugar  and  water,  with 
the  addition  of  a  small  quantity  of  nitric  acid ;  the  binoxide  of  lead 
becomes  thereby  converted  into  protoxide,  which  dissolves  in  the 
acid ;  while  the  impurities  remain  insoluble,  and  may  be  separated 
by  filtering.    They  are  then  washed,  dried,  and  weighed. 

As  red  lead  is  produced  from  litharge,  it  may  contain  all  the 
impurities  of  the  latter — ^namely,  copper  and  eilver.  The  pre- 
sence of  these  substances  in  certain  manufactures  is  very  objec- 
tionable. This  is  especially  the  case  with  that  of  crystal^  to 
which  these  oxides  would  impart  a  colour.  The  copper  and  silver 
may  be  detected  and  estimated  exactly  in  the  manner  described  in 
the  article  on  Litharge. 

SBB  OXZBB  or  MBBCUST.     See  MbbOUBT. 

aas  pssczpzTATB.    See  Mebcuby. 

BBvaJLRB. — Rhubarb  is  the  root  of  a  plant,  of  which  there 
are  several  varieties.  According  to  Dr.  Goebb,  that  rhubarb 
which  is  usually  obtained  in  the  druggists'  and  apothecaries'  shops 
comes  from  China,  and  two  species  of  Chinese  rhubarb  are  known 
in  trade.  The  one  is  termed  Russiah-Moscovian,  or  Siberian 
rhubarb;  the  other  East  Indian,  Chinese,  Danish,  Dutch,  &€., 
rhubarb. 

Russian  rhubarb  is  decidedly  superior  to  East  Indian.  It  is 
sound  throughout  ]  but  it  is  mere  fiction  to  assert  that  it  may  be 
distinguished  by  the  peculiar  form  of  the  pieces,  and  that  each 
single  piece  is  pierced  with  holes,  as  is  now  and  then  pretended. 
In  the  chests,  pieces  large  and  small,  flat  and  round,  angulari 
pierced,  some  bearing  the  marks  of  the  borer,  and  also  some  per- 
fectly free  from  such  marks,  are  mixed  together.  They  are  of  a 
yellowish-red  colour,  and,  when  broken,  present  the  well-known 
beautiful  red-and-white  marble  appearance. 

East  India  rhubarb  is  an  assemblage  of  good  and*  bad  species, 
which  even  if  they  be  sound  and  well  preserved  essentially  differ 
from  Russian,  from  the  circumstance  that  they  are  not  severally 
selected  and  pared  again  as  are  the  Russian,  and  by  which  process 
all  foreign  matter  is  separated  from  the  lattery  together  with  the 
last  remains  of  the  cuticular  substance. 

Russian  and  Turkey  rhubarb  are  identical  articles;  the  beat 
pieces,  are,  as  above  observed,  in  roundish  lumps  perforated  with  a 
hole,  of  a  yellow  colour  outside,  and  when  broken  the  inside  has  a 
mottled  appearance.  Good  rhubarb  should  be  firm,  compact,  and 
heavy;  porous  pieces  are  bad,  or  veiy  inferior.  The  Chinese 
rhubarb  is  in  flat  pieces,  seldom  perforated,  and  its  taste  and 
odour  are  stronger  than  the  other.     It  is  also  heavier,  and  when 
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pulverizeil  the  powder  is  redder  than  that  of  the  Bussdan 
thubnrb. 

Hhubflrb  in  the  liinip  miiy  be  of  bad  qiialitj,  but  is  not  subject 
l«  ndiilteratinn;  this  ia  not  the  cnaa,  however,  wheu  pulverized, 
for  tlie  powder  is  often  mixed  with  gnmboge.  This  Bophisticntion 
may  be  reftdily  detected  by  digesting  a  portion  of  the  powder  in 
ether,  and  pourinp;  a  few  drops  of  the  solution  in  water.  If 
gnmbope  is  present,  a  film  of  an  opaque  yellow  colour  will  bo 
observed  floating  on  the  surface,  whith  on  adding  potash  ia  di»- 
Holved  with  an  intenaely  red  colour. 

KBBZir  (Coiopiioiiiiim'). — Common  resin  is  the  residuum  left 
in  the  still  after  the  distillatioD  of  the  diflerent  species  of  turpeu' 
tine.  If  the  distiUalion  be  carried  to  dryness,  the  resin  is  called 
common  brown  rcain,  or  colophonium ;  in  the  contrary  case  it  is 
yellow.  The  latter,  or  yellow  reain  is  more  soft  or  ductile,  owing 
possibly  to  n  small  quantity  of  oil  (reaiu-oil)  which  it  retains;  it 
is  geaerdly  preferred  end  fetches  a  somewhat  higher  price,  but  it 
is  seldom  genuine,  that  is,  frequently  it  is  only  the  common 
brown  resin  which  has  been  rendered  yellow  by  an  admixture  of 
ieatfr.  It  is  sufficient  to  boil  the  brown  reain  in  water  for 
some  time,  to  convert  it  into  yellow  resin.  Brown  resin  may 
thus  imbibe  a  good  deal  of  wnter  in  a  few  minutes.      Thia  adul- 
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extracted  by  first  treating  the  safflower  with  cold  water  for  a  long 
time,  in  order  to  remove  the  yellow  colour ;  the  washing  must  be 
continued  until  the  water  passes  colourless  through  a  filter,  and  by 
treating  it  afterwards  with  alcohol  the  red  colour  is  taken  up,  and 
may  be  isolated  by  evaporating  the  alcohol. 

Or,  after  having  removed  the  yellow  colouring  matter,  the 
red  colour  may  be  extracted  by  macerating  the  safflower  for 
an  hour  or  two  in  its  own  weight  of  water,  containing  one- 
tenth  of  its  weight  of  carbonate  of  sodium.  The  liquor,  which 
should  have  a  very  brown  colour,  should  be  separated  by  squeez- 
ing the  macerated  safflower.  Skeins  of  cotton  should  then  be 
immersed  in  the  liquor,  and  either  lemon-juice,  or  a  solution  of 
citric  acid,  or  of  tartaric  acid,  being  added  in  sufficient  quantity  to 
saturate  the  alkali,  the  liquor  becomes  red,  and  the  red  matter 
(carthamic  acid)  becomes  soon  fixed  on  the  cotton,  mixed  with  a 
little  yellow  colouring  matter,  which  is  subsequently  removed  by 
washing  with  water.  The  cotton  thus  treated  should  now  be 
plunged  into  a  bath,  consisting  of  20  parte  of  water  and  2  parts 
of  carbonate  of  soda ;  the  cotton  becomes  immediately  decolour- 
ized, and  after  having  withdrawn  and  squeezed  it,  the  red  colour 
is  precipi toted  by  pouring  lemon-juice  into  the  said  bath. 

According  to  Dumas,  the  best  method  of  testing  safflower  con- 
siste  in  toking  a  weighed  sample  of  the  safflower,  washing  it,  and 
treating  it  with  carbonate  of  sodium,  as  above  said,  precipitoting 
the  red  colouring  matter  upon  a  known  weight  of  skeins  of  cotton, 
and  comparing  the  depth  or  intensity  of  the  colour  thus  obtained 
with  other  portions  of  skeins  of  cotton  of  a  same  weight,  dyed 
with  a  same  weight  of  safflower,  of  a  known  quality,  or  with 
various  samples  of  safflower,  by  which  their  comparative  value 
may  be  ascertoined. 

See  Sapfloweb. 
(Croons). — Safiron  is  met  with  in  commerce 
usually  in  round  fiat  cakes  (Persian  safiron  is  in  cakes  of  from  nine 
to  twelve  inches  in  diameter,  and  from  one  half  to  three-quarters 
of  an  inch  in  thickness),  which  are  formed  of  the  stigmata  and 
styles  of  the  Crocus  satimu,  and  contain  a  yellow  colouring  matter 
of  great  intensity,  soluble  in  water.  Saffron  was  originally  im- 
ported from  Persia,  but  it  is  now  imported  also  from  the  Continent, 
and  is  prepared  besides  to  a  certain  extent  in  England  (0am- 
bridgeshire).  English  saffron  fetehes  a  higher  price.  The  fila- 
mentous petols  of  Persian  safiron  are  much  larger  than  those  of 
European  saffron,  and  they  are  at  the  same  time  darker  and  less 
imbued  with  fiavour  and  colouring  matter. 
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Qood  M&on  u  in  loog,  flexible  filamenta  of  k  red  colour ;  it 
has  A  pecali&T  uomatic,  agiMabla,  poDnent  odour,  and  a  vann, 
ftomenhat  bitter  tarte.  The  cakes  ahoiAd  feel  a  little  moUt,  of  » 
cloee  teztute,  and  stain  the  fingers.  That  which  coatains  hnt  few 
gtanium,  which  are  easily  lecognised  bj  thdr  imlMtm  and  fine 
jellow  colour,  is  the  best  If  the  eakea  hare  a  brown  or  a  pale 
jellow  colour,  feel  unctuous  ot  clammy,  it  is  a  sign  that  they  ■» 
too  old,  or  of  bad  quality,  and  should  be  rejected. 

The  price  of  saffron  b^ng  always  high,  it  is  often  adulterated 
to  a  great  extent  by  an  adraixture  of  other  plants,  such  as  the 
petals  of  sofflower,  end  other  sobitances.  This  adulteration  is 
detected  by  boiling  a  portion  oftha  sample  in  water,  and  comparing 
the  fibres  with  those  of  a  portion  of  genuine  saffivn  treated  in  the 
same  manner. 

The  relative  colouring  power  of  the  article  may  serre  also  ae  a 
criterion  of  iu  goodness.  The  experiment  is  performed  with  the 
colorimeter,  exactly  as  deecribed  in  the  [articles  on  Madder  and 
J<ndigo. 

Sometimes  w&on  which  has  been  partially  deprived  of  ita 
colouring  matter  by  infusion  is  dried  and  agnin  ofieted  for  sale. 
Such  saffron  is  recogniinble  by  its  dull  red  colour,  which  is  uniform 
oil  tlivr.uwli,  Hiid  by  il^  i.J...i]i-,  «)^iL-l,  i»  mucl,  luhili;r.     It  .-uirc'Iy 
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and  of  ammonium.  The  second  substance  (tll^  lead)  comes  from 
the  contact  of  the  cake  of  sal  ammoniac  with  the  lead  dome  or 
dever,  against  the  sides  of  which  it  gradually  condenses. 

Sulphate  of  Ammonium  is  detected  by  dissolying  a  portion  of 
the  sal  ammoniac  in  pure  water,  and  testing  the  solution  with  one 
of  chloride  of  barium,  which  (if  sulphate  of  ammonium  or  any  other 
soluble  sulphate  be  present)  will  produce  a  white  precipitate  of 
sulphate  of  barium. 

The  other  impurities  are  easily  detected,  because  they  are 
fixed ;  and  therefore,  by  heating  a  portion  of  the  sal  ammoniac  to 
redness  in  a  platinum  crucible,  the  impurities  will  be  left  behind. 
If  it  be  desired  to  identify  the  presence  of  iron  and  of  lead, 
it  may  be  done  by  dissolving  a  portion  of  the  sal  ammoniac  in 
water,  and  dividing  it  into  two  portions,  to  one  of  which  a  little 
nitric  acid  is  first  added ;  and  if  by  pouring  a  drop  or  two  of  ferro- 
cyanide  of  potassium  a  blue  precipitate  is  produced,  it  indicates 
the  presence  of  iron.  The  presence  of  lead  is  detected  by  passing 
a  current  of  sulphuretted  hydrogen  through  the  second  portion, 
which  produces  a  black  precipitate  of  sulphide  of  lead. 

The  aqueous  solution  of  pure  sal  ammoniac  should  have  no 
action  whatever  upon  test-papers ;  it  should  not  be  precipitated  or 
discoloured  by  either  sulphuretted  hydrogen  or  hydrosulphuret  of 
ammonia,  nor  by  a  solution  of  phosphate  of  sodium  and  ammonia. 
It  should  completely  volatilise  by  ignition,  and  if  before  the  com- 
plete volatilization  of  the  salt  an  abundant  residuum  of  charcoal 
be  observed,  it  is  a  proof  of  the  presence  of  organic  matter. 
8A&  PRim&&A.     See  NiTBB. 
8A&TPBTRB.      See  NiTBATE  OF  POTASSIUH. 
8A&T  (COMMOH').      See  CHLORIDE  OF  SoDIUM. 
8BZB&ZTZ  8AXT8.      See  SvLPHATE  OF  MaOKESIITIC. 
88BB-&AC.     See  Shell-LAC. 

8BB&& AC  (Oom-lao). — Lac,  stick-lac,  seed-lac,  and  shell-lac, 
are  the  names  of  a  substance  obtained  from  incrustations  made  by 
an  insect  (Coccus  laced)  similar  to  the  cochineal  on  the  branches 
and  twigs  of  several  trees  in  India.  The  lac  is  formed  by  the 
insect  into  cells,  somewhat  similar  to  a  honey-comb,  but  differently 
arranged,  and  in  which  the  insect  itself  is  generally  found  entire ; 
and  owing  to  the  presence  of  which  stick-lac  may  be  made  to 
yield,  by  proper  treatment,  a  red  dye  nearly,  if  not  quite  as  bright 
a8  tliat  obtained  from  cochineal,  and  more  permanent. 

Lac  containing  fragments  of  branches  and  other  detritus  is 
called  stick- lac.  The  best  stick-lac,  when  held  against  the  lighl^ 
is  semi-transparent 
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The  colooriog  matUr  U  estncted  from  itick-lac  br  Ending  or 
pounding  it  iuto  coarse  powder,  wbicb,  after  tryatmect  with 
vater,  constitutes  tbe  xtd-lae  of  commerce. 

Sbellac  is  made  from  either  stick-lac  or  shellac,  in  the  follow- 
ing manner : — The  seed-lac,  or  stick-lac,  previous];  reduced  into 
coarae  powder,  u  mixed  with  about  15  per  cent  of  an  Indian 
reein  called  dammai',  but  more  Et«queotlj,  and  we  might  aetj 
fdmost  generallj,  with  common  yellow  reein,  exported  from  Cng- 
land  to  India,  and  the  mixture  is  then  put  into  a  small  calico  bag, 
about  2  inches  in  diameter,  nod  about  2  feet  or  2^  feet  in  length. 
The  bag  ia  held  orer  a  charcoal  fire,  and  aa  Boon  as  the  contents 
bave  BUlEcientlj  softened,  the  bag  is  twisted,  and  the  lac,  oozing 
through  the  meehes  of  the  calico,  is  scraped  olT  with  the  blade  of 
a  long  knife,  and  whilst  yet  hot  and  soft  it  is  scraped  from  the 
knife  against  tbe  stem  of  a  plan  tain -tree,  and  flatleaed  tbcreoa 
with  the  stalk  of  a  leaf  of  the  same  tree ;  when  cold,  the  shell 
or  plate  of  lac  ia  easilj  detached  &om  the  stem  of  the  tree,  and 
this  constitutes  shelUc.  The  thinnesi  of  sbellac  depends  on  the 
degree  of  pressure  and  of  fluidity  of  the  lac,  and  the  sheUac 
exhibits  generallj  on  one  side  the  marks  of  tbe  stem  of  tbe  tree 
on  which  it  has  been  flattened. 

Shellac  is  packed  in  India  in  strong  wooden  cbesia,  but  during 
~  iL'-laml  tl}c  teoiniTature  in  Ihe  huH  ^)f  ilw    ' ' 
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of  bad  quality;  nevertheless,  orange  shellac,  from  its  greater 
fusibility,  is  generally  in  exceedingly  thin  flakes,  and  the  best 
ruby  shellac  is  in  roundish  pieces  about  2j  inches  in  diameter,  and 
is  then  known  under  the  name  of  button  shellac ;  it  exhibits  also 
the  marks  of  the  plaintain-tree  on  one  side,  which  orange  shellac 
seldom  does.  Liver  shellac  is  in  thicker  flakes  than  orange  shellac, 
but  is  thinner  than  button  shellac, 

Stick^laCf  seed-lac  (except  the  impurities,  such  as  fragments  of 
branches,  and  of  insects),  lump,  and  shellacy  should  completely 
dissolve  in  alcohol,  naphtha,  and  in  alkaline  water.  These  criteria 
are  of  great  importance ;  for  stick-lac,  and  more  especially  seed-lac, 
are  often  adulterated  to  an  incredible  extent. 

szibX.    See  Cotton. 

BJJbVTM. — Silver  is  the  whitest  of  all  metals.  When' it  has 
been  precipitated  from  a  solution  by  a  metallic  bar — one  of  copper, 
for  example — it  is  in  the  state  of  a  spongy  mass,  consisting  of 
crystalline  grains,  which  may  be  rendered*  very  cohesive  by  pres- 
sure or  hammering.  When  melted  and  cooled  slowly,  it  crystal- 
lizes in  voluminous  octahedrons,  or  in  cubes.  Silver  is  odourless 
aad  tasteless,  a  little  harder  than  gold,  but  less  so  than  copper ; 
next  to  gold,  it  is  the  most  ductile  and  the  most  malleable  of 
metals.  Silver  melts  at  about  1873°  Fahr.  When  fused  in  close 
vessels  it  does  not  volatilize,  but  when  exposed  to  a  current  of  air 
or  of  gas  it  does  rapidly.  Pure  silver,  when  in  a  state  of  fusion, 
may  absorb  twenty-two  times  its  weight  of  oxygen,  but  a  small 
proportion  of  copper  is  suflicient  to  prevent  this  absorption.  The 
silver,  on  cooling,  abandons  the  oxygen,  and  in  so  doing  shoots  up 
and  spurts,  producing  a  rough  surface,  or  a  sort  of  metallic  vegeta- 
tion. The  analysis  of  the  alloys  of  silver  is  made  either  by 
cupellation,  or  in  the  humid  way. 

Estimation  of  Silver  in  Alloys  (wet  method). — The  analysis  of 
alloys  of  silver  by  a  solution  of  chloride  of  sodium  may  be  effected 
in  three  different  ways: — i.  The  silver  may  be  precipitated  by  an 
excess  of  the  alkaline  chloride,  the  weight  of  the  chloride  of  silver 
produced  indicating  the  amount  of  silver.  2.  The  quantity  of 
chloride  of  sodium  in  a  given  weight  of  its  aqueous  solution  being 
known,  the  amount  of  silver  in  the  alloy  may  be  ascertained  by 
observing  the  weight  of  the  alkaline  chloride  required  to  precipi- 
tate it  completely.  3.  The  quantity  of  chloride  of  sodium  in  a 
given  volume  of  its  aqueous  solution  being  known,  the  amount  of 
silver  in  the  alloy  may  be  ascertained  by  observing  the  volume 
of  the  solution  of  alkaline  chloride  required  to  precipitate  it.  The 
last  of  these  methods  was  proposed  by  Gay-Lvssac  in  1829,  and 
as  it  is  one  of  great  simplicity  and  accuracy  it  is  generally  adopted 
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in  the  Britiali,  Continental,  and  American  minti  for  the  aaaaf  of 
bars  and  coiua  of  silver.  The  proceea  is  conducted  in  tha  (blloir- 
ing  manner  (PBLorsE  and  Fkoit): — 

(a.)  Pr^ratitm  of  I^re  Sib«r. — A  certain  quantity  of  ordi- 
naiy  silver  is  disaolved  in  nitric  add ;  ahould  anj  reaidiie  remain, 
it  is  separated  b;  decanlation,  the  aolutlbn  ia  diluted  with  water 
and  precipitated  b;  slight  excees  of  chloride  of  wdinm ;  the 
resulting  chloride  of  fiiKer  haring  been  well  washed  and  dried,  is 
reduced  at  a  red-heat  in  a  Hessian  crucible  with  a  mixture  of 
chalk  and  charcoal,  the  proportions  being  70%  parts  of  chalk,  and 
4'2  parts  of  charcoal  for  every  100  parts  of  dry  chloride  of  silver. 

The  reduced  silver  forms  a  button  at  the  bottom  of  the  crn- 
cible ;  it  is  removed,  well  washed,  re-diseolved  in  nitric  acid,  the 
solution  again  precipitated  bj  common  salt,  and  the  chloride 
again  reduced  hj  chalk  and  charcoal;  the  metal  is  now  perfectlT 
pure.  It  should  be  reduced  to  a  granular  state,  or  rolled  into  thin 
plates  to  facilitate  its  soludon  in  nitric  add, 

(b.)  Prepartaion  of  a  Standard  or  ydrmal  Solution  of  (MoTid« 
0/'  Sodium. — A  normal  solution  of  chloride  of  sodium  maj  be 
prepared  b;  dissolving  5*414  grammee  of  the  pun  salt  in  I  litm 
of  distilled  water  at  15°  C;  a  decilitre  (loo  cubic  centim&bee)  of 
this  solution  will  precipitate  ezacUj  I  gramme  of  pnre  silver. 

It    is   lii'tt.T.   lirHvPvr,    1.1    pr'^paro    (hp    noniinl    li.innr    Tr<m 


(c.)  Preparation  of  the  Decinormai  SaUiie  Solution. — loo  cubic 
centim&trea  of  tbe  normal  solution  are  pouted  into  a  flRsk  of  the 
capacity  of  I  litre,  which  is  then  filled  np  with  diatilled  watsi 


and  well  mixed ;  it  is  evident  that  a  litre,  or  i/xw  cnluc  cenli- 
mStres,  of  thia  eolutioa  will  be  required  to  precipitate  I  gnmme 
of  pure  silver;  and  that  one-thouundth  part^  or  i  cubic  ceoti- 
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mStre,  will  predpiute  on&-thouflandth  part  of  a  gramme,  ot  i 
mUligraniraB  of  silver. 

(i.)  Prepiiraiian  of  the  Deanormal  Solution  of  Silrer. — One 
gramme  of  the  pute  metal  is  diMolTed  in  5  or  6  grammes  of  pnro 
nitric  acid,  and  the  solution  diluted  with  distilled  wnier  to  exactly 
the  volume  of  1  litre.  The  dtcmormal  silvet  aolutton  and  the 
decxnoniial  aaline  solution  ore  thus  prepued  of  such  strengths, 
that  on  mixing  together  equal  Tolumea  of  each  neither  nitrate  of 
silver  nor  chloride  of  sodium  reuain  in  the  liquor,  but  nitrate  of 
soda  is  in  solution,  and  chloride  of  silver  precipitated. 

In  laboratories  where  the  wet  assay  of  silver  allojs  is  con- 
stantly going  OD,  large  q^iumtities  of  the  normal  aaline  solution  rtq 
prepared  at  once,  and  the  pipette  is  arranged  oa  a  fixture  in  the 
manner  represented  in  Fig.  24,  where  0  represents  the  reservoir 
containing  the  normal  saline  solution,  and  n  a  tube  through  which, 
fur  is  admitted  whuu  the  apparntua  is  in  use.  The  solution  is 
delivered  from  the  reservoir  through  the  bent  tube  I,  furnished 
with  a  stop-cock.  The  pipelte  J  /  is  placed  in  communication 
with  the  bent  deliver;-tube  b;  the  tube  k,  in  which  a  themio.- 
meter  is  inserted  ;  >  is  a  stopcock  which  serves  to  establish  a 
CDinmuni cation  between  the  tube  I  k  and  the  pipette.  The  appa- 
ratus n  A  is  employed  to  facilitate  the  exact  emptying  of  the 
pipelte,  the  tray  c  d  slides  backwards  and  forwards  between  two 
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assay ;  that  is,  to  operate  upon  a  quantity  containing  nearly  one 
gramme  of  silver ;  a  tentative  experiment  on  a  gramme  of  the 
alloy  with  the  normal  saline  solution  will  give  the  requisite 
information  on  this  point 

Let  us  suppose,  by  way  of  illustration,  that  a  piece  of  French 
silver  coin  is  to  be  examined,  which,  in  order  to  be  of  the  standard 
quality  as  prescribed  by  law,  should  contain  ^Vo^^  ^  silver. 
The  quantity  that  should  be  taken  to  represent  i  gramme  of 
silver  b  formed  by  the  proportion — 

* 

827  :  1000  : :  1000  :  x 
X  »  I'Xis. 

1*115  fP^'  ^^  ^^  ^^7  '^'®*  therefore,  dissolved  with  the  idd  of 
a  gentle  heat  in  5  or  6  cubic  centimetres  of  pure  nitric  acid,  the 
solution  is  transferred  to  the 
botUe  c,  Fig.  24,  and  the  ^^-  ^^ 

charge  from  the  pipette  de- 
livered into  it  The  bottle 
is  closed  with  its  stopper, 
and  briskly  agitated  for  two 
or  three  minutes;  if  only 
one  or  two  assays  are  being 
made,  this  may  be  done  with 
the  hand,  but  when  several 
samples  are  being  operated 
upon,  the  agitator y  fig.  25, 
is  employed.  This  consists 
of  a  frame  d,  provided  with  a 
series  of  compartments  000, 
&c,  each  of  which  will  hold 
exactly  one  of  the  bottles; 
the  frame  is  suspended  from 
the  steel  spring  a  6,  between 
two  strong  springs  of  vul- 
canized indiarubber.  The 
stoppers  of  the  bottles  hav- 
ing been  well  securedi  the 
apparatus  is  grasped  by  the 
handle  c  d,  and  briskly 
agitated  for  two  or  three 
minutes ;  the  chloride  of 
silver  is  soon  completely  precipitated,  leaving  the  supernatant  fluid 
quite  clear.  One  cubic  centimetre  of  the  deciHnormal  saline  liquor  is 
now  delivered  into  the  bottle  firom  a  small  pipette;  this  pipette 
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ia  a  BiDftll  tube  open  kt  both  anda,  tite  lomr  kpatim  bung 
conmderablj  contracted ;  it  but  two  ma^  ap<Ki  it  CMrMpondSng 
!  cubic  centimitrH ;  it  paasM  thmngli  the  eaik,  adl 


nurlj  to  the  bottom  of  the  bottle  enotv 
uline  liquor,  bo  thnt  the  reqninte  qnantitr  cut  be  euilfiriihdnwii, 
bj  appljing  the  finger  to  the  npper  end,  then  tauorisg  it  bom  ths 
bottle,  and  allowing  the  liquot  to  dn^outfixMn  the  lower  epertim 
l^  relaxing  the  finger  untU  the muk  iacUcetiogl  cubic  oentimMn 
hu  been  exactly  reached.  Should  the  aolntion  still  contain  alver, 
it  is  revealed  hj  the  formatioa  of  a  white' cloud;  hareapcoi  th« 
bottle  is  again  agitated,  and  a  second  cnbiccentimMre  of  the  deci- 
normal  saline  solution  introdoced.  Suppose  that  3  cubic  centi- 
m^trea  have  in  thia  waj  been  added,  and  that  the  fourth  no  longer 
pmducea  a  white  cloud,  the  question  orisea,  was  the  whole  of  th« 
third  cubic  centiin^tTe  TSquired  or  onlj  part  of  itF  But  as  thia 
question  cannot  be  decided,  one-half  of  the  third  cubic  centimitro 
ia  assumed  as  the  real  quantitf ;  the  error  ariong  from  thia  arbt- 
troTj  meaaure  cannot  amount  to  nore  than  half  a  millimetre,  lioca 
1  cubic  cenduiStre  of  the  ded-normal  saline  liquor  corresponds  to 
I  milligramme  of  ailver.  The  reanlt  of  the  asMy  then  is  thia  :— 
(l)  loo  cubic  centimetres  of  the  normal  saline  liquor,  equivalent 
to  t  'ooo  gr.  of  ralver ;  (2)  2-5  cubic  centimetrea  of  the  deci-normal 
Balint?  liijuor,  equivalt'ct  to  2-5  millicrammes  of  aiWor :  the  ijusn- 


6ILVEB.  339 

contains  therefore  1*0050 -0*0025  =0*9975  gramme  of  flihrer,  and 
the  standard  is  formed  by  the  proportion — 

1*115  :  1000  ::  1000  :  x 

X B 08946,  which  is  below  the  legal  French  standard,  yiz.  0*897. 

Dilatations  and  contractions  are  occasioned  in  the  yolume  of 
the  normal  saline  liquor  by  yariations  in  temperature,  and  M» 
Gay-Lvssac  constructed  a  table  of  corrections  to  be  applied.  It 
is  better^  however,  when  a  series  of  assays  is  about  to  be  made^ 
to  make  at  the  same  time  a  standard  assay  with  a  gramme  of 
pure  silver ;  the  exact  value  of  the  normal  solution  is  thus  ascer^ 
tained,  and  all  the  assays  made  on  the  same  day  must  be  cor- 
rected in  accordance  with  the  divergence  from  the  true  value  of 
the  liquor  indicated  by  the  test  experiment 

If  the  operator  is  working  with  English  weights  and  measures^ 
the  solution  of  common  salt  should  be  made  of  such  a  strength 
that  1000  grain-measures  of  it  precipitate  exactly  10  grains  of 
silver,  and  the  decimal  solution  of  silver  should  be  prepared  by 
dissolving  10  grains  of  pure  silver  in  nitric  acid,  and  diluting  it 
with  distilled  water  till  the  solution  occupies  the  bulk  of  io,ooo> 
grain-measures  of  water ;  each  10  grain-measures  of  this  solution 
will  therefore  contain  0*01  grain  of  silver. 

The  only  metal  the  presence  of  which  interferes  with  the 
accuracy  of  this  process  is  mercury — a  metal  not  likely  to  be  met 
with  in  silver  alloys ;  if  present,  however,  it  would  be  precipitated 
by  the  chloride  of  sodium  together  with  chloride  of  silver  in  the 
form  of  calomel.  To  avoid  this  inconvenience  Levol  recommends 
to  supersaturate  the  nitric  solution  with  caustic  ammonia,  then 
to  add  the  test-liquor,  and  afterwards  to  supersaturate  the  excess 
of  ammonia  with  acetic  acid ;  he  states  that  by  this  modification 
he  is  able,  either  with  the  presence  or  absence  of  copper^  to  esti- 
mate accurately  silver  containing  a  tenth  part  it«  weight  of  mer- 
cury. Gat-Lussac  simplifies  this  process  by  adding  to  the  nitric 
solution  of  the  alloy  the  ammonia  and  acetic  acid  at  one  and  tho 
same  time,  but  in  sufficient  quantity  to  saturate  the  whole  of  the 
nitric  acid,  both  that  in  combination  with  the  silver  and  that  in 
the  free  state.  He  finds  acetate  of  sodium  to  answer  quite  as  well 
as  acetate  of  ammonium. 

Estimation  of  Silver  in  Alloys  (dry  process).— CVipefffl^iofi. — 
This  method^  which  is  the  one  usually  adopted  at  Qoldsmiths' 
Hall,  and  by  refiners,  is  founded  on  the  property  possessed  by 
silver  of  being  unoxidizable,  and  nearly  fixed^  at  a  red-heat; 
whilst  copper  in  the  presence  of  lead  oxidizes,  and  forms  with  tho 
oxide  of  lead  a  fusible  glass^  which  passes  into,  and  is  absorbed  by 

z  a 
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the  cupel,  the  silver  being  letainad,  as  it  wen,  on  m  filter,  io  the 
foTm  of  H  blight  globule  or  button. 

The  ci^,  which  ia  best  made  of  a  mixtnre  of  finely  levigated 
aahea  of  birch-wood  and  calcined  bonea,  ia  thna  prepared ;  th« 
ash,  slightly  moisteoed,  is  laid  in  a  braM  mould  aomewkat  deepw 
than  that  of  the  cupel  intended  to  be  made ;  in  thii  ia  placed  ft 
curred  and  polished  steel  peatle,  which  is  then  atmck  imarilf 
with  a  hammer.  The  opemtor  mnat  be  careful  to  pnt  as  mncji 
aah  into  the  mould  as  ia  required  to  make  the  cnpel  at  once ;  it  ia 
otherwise  apt  to  separate  in  layen  when  it  comea  to  be  heated. 
The  little  vessel  thus  made  ia  dried  witli  great  cere,  and  heated 
to  ledneaa  before  it  is  used.  One  part,  bj  weight,  of  the  cupel 
absorbs  during  the  process  of  cnpellatJOD  the  oxide  formed  bj  two 
parts  of  lend.  The  sssajiHt  is  'Uius  furnished  with  a  guide  to  the 
eize  of  the  cupel  requirel  for  anj  particuUi  experiment. 

The  proportion  of  lead  required  varies  with  that  of  the  copper 
in  the  ^oja ;  it  is  necessary  therefore,  before  proceeding  with  a 
definite  experiment,  to  determine  appmiimatelj  the  ttandard  or 
Jmmat  of  the  silver.  In  the  caae  of  a  piece  of  coin  this  ia 
generallj  tolerably  well  known,  but  in  all  easee  the  fineness  of 
the  silver  shoiild  be  ascertained  by  a  cvpellation  experiment  with 
O'loo  pr.  of  the  flUoy  and  i  pr.  of  lend  ;  the  weight  of  tie  button 
obtained  fnmipboB  n  sullkicnlly  close  npproximstinn,  hthI  frnin  tlii.i 
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ExamfjiU. — Suppose  a  piece  of  silver  of  the  approximative 
fineness  of  —^  is  to  be  analysed.    The  quantity  of  lead  indicated 
in  the  Table,  viz.  7  grammes,  is  placed  in  the  cupel,  which  is  then 
introduced  into  the  muffle,  and  heated  to  bright  redness  in  the 
cupel  furnace.    When  the  lead  is  melted,  and  its  surface  brilliant, 
I  gramme  of  the  alloy  enveloped  in  a  piece  of  pure  sheet  lead  is 
introduced  into  the  cupel ;  it  soon  enters  into  fusion,  and  the  sur- 
face of  the  liquid  mass,  which  is  at  first  plane,  becomes  by  degrees 
convex ;  in  appearance  it  is  now  like  a  drop  of  oil.    The  fused 
oxide  of  lead  is  absorbed  rapidly  by  the  cupel,  and  a  portion  is 
volatilized  and  makes  its  escape  from  the  muffle  in  the  form  of 
fumes ;  when  the  volume  of  the  alloy  is  reduced  to  about  two- 
thirds,  the  cupel  is  advanced  to  the  mouth  of  the  muffle ;  the  sur- 
face of  the  button  soon  loses  its  brilliancy,  and  iridescent  bands 
appear  on  its  surface,  which  are  occasioned  by  very  thin  layers  of 
oxide  of  lead.    The  object  of  advancing  the  cupel  to  the  mouth  of 
the  muffle,  is  to  reduce  the  temperature  of  the  button,  which  at 
this  period  becomes  agitated  with  a  rapid  circular  movement ;  this 
suddenly  ceases,  and  the  button  having  for  a  moment  emitted  a 
bright  flash  of  light,  technically  called  fulguration  or  conucationf 
becomes  white  and  fixed.     The  button  should  at  the  moment  of 
brightening  be  covered  with  another  cupel  which  has  been  kept 
hot  for  the  purpose ;  a  portion  of  the  metal  may  otherwise  be  lost 
by  dispersion,  from  sprouting  or  spittiny.     This  phenomenon  ap- 
pears to  arise  from  the  sudden  escape  of  the  oxygen,  which  the 
silver  had  mechanically  absorbed  while  in  the  melted  state :  if  the 
button  has  been  cooled  too  rapidly,  a  crust  is  formed  over  the  sur- 
face, while  the  interior  portion  remains  fluid,  and  upon  this  soli- 
difying, the  crust  is  ruptured  by  the  sudden  expansion  of  the 
metal,  and  little  tubes  or  globules  of  the  metal  are  expelled  by  the 
sudden  escape  of  the  gas.    The  cupel,  still  covered,  is  now  re- 
moved from  the  muffle,  and  when  cold  the  globule  is  detached, 
brushed,  and  weighed.    If  the  assay  has  been  a  good  one,  it 
adheres  but  loosely  to  the  cupel,  and  its  surface  is  clean,  brilliant^ 
and  convex ;  but  if  it  has  been  too  strongly  heated,  it  is  removed 
with  difficulty,  and  its  surface  is  dull  and  irregular.   The  adherence 
of  the  button  to  the  cupel,  and  the  flatness  of  its  surface,  misiy  also 
arise  from  a  deficiency  of  lead. 

In  Fig.  26,  A  is  the  muffle,  on  each  side  of  which  is  a  slit  o  o  ; 
the  size  of  this  muffle  is  in  proportion  to  that  of  the  furnace ;  one 
of  a  convenient  size  should  be  capable  of  containing  six  or  eight 
cupels.  The  muffle  when  introduced  into  the  furnace  is  so  arranged 
that  while  its  closed  end  is  supported  by  a  shelf  of  refractory  brick 
ky  its  open  end  corresponds  exactly  with  the  a^^it.>rc^  d  Ql'^^Vcst- 
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nace,  to  the  sides  of  which  it  is  Inted  bf  » little  mcnatened  Sn- 
clftj.  The  fuel  (chorcoBl  or  cobe)  ia  mpplied  throagh  the  Kper- 
tuie  /,  which  during  the  upendon  it  closed  by  the  door  ff,  Tha 
interior  of  the  muffle  ia  in  this  my  eonatantlf  tnvened  by  a  «» 
rent  of  air,  aad  the  draught  of  the  fnmace  it  iiuinued  by  the  till 
tihimney  H.  The  fumace  baving  been  lighted  by  intiodiidiiff 
ignited  charcoal  by  the  opening,  i,  and  all  the  aperturet  accept 
tbat  of  the  uh-pit  having  been  doaed,  the  muiBe  is  allowed  to  get 
red  hot ;  tba  cupels  which  have  been  prerionaly  diying  round  die 
ledge  of  the  chimney  are  then  placed  by  a  pur  of  tongs  on  the 
floor  of  the  muffle,  on  which  a  small  quuti^  of  pounded  bone- 
ash  has  been  strewed  ;  the  opening  d  it  now  closed ;  the  CupeU 
are  soon  raised  to  the  temperature  of  the  muffle,  mnd  when  this  is 
the  case  the  door  is  removed,  and  the  assay  dropped  ouefiilly  into 
the  cupels  by  a  pur  of  light  steel  tongs. 
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(2.)  That  the  button  is  not  pure  fiilver^  but  contidns  both  lead 
and  copper;  a  wet  analysis  shows  that  as  an  average  i^ooo  parts 
of  the  button  contain  four  parts  of  foreign  metals. 

(3.)  The  more  copper  the  alloy  contains^  the  larger  the  quan- 
tity of  lead  required ;  this^  howeyer^  is  only  applicable  to  alloys 
the  standard  of  which  is  above  500.  Copper  containing  a  few 
thousandths  of  silver  only  does  not  require  more  lead  than  an 
equal  weight  of  an  alloy  of  500. 

Bismuth  acts  in  cupellation  in  the  same  manner  as  lead,  and 
M.  Claudet  has  drawn  up  a  Table  showing  the  proportions  that 
should  be  used  in  different  standards  of  alloys,  but  no  application 
of  these  facts  appears  to  have  hitherto  been  made. 

To  estimate  the  amount  of  loss  during  the  operation  of  cupel- 
lation,  recourse  is  sometimes  had  to  a  '  Table  of  errors/  which, 
however,  cannot  be  made  exact,  because  such  a  Table  implies  cer- 
tain invariable  conditions  which  in  practice  cannot  always  be  com- 
plied with.  It  is  better  to  use  with  each  set  of  assays  a  check  or 
proofs  that  is,  to  make  an  assay  v^ith  pure  silver.  The  proof  is 
placed  in  the  muffle  by  the  side  of  the  assays ;  e,g,  suppose  an 
assay  has  to  be  made  of  a  piece  of  coin  the  approximative 
standard  of  which  is  —§^ ;  950  milligrammes  of  pure  silver  and 
50  of  copper  are  placed  in  a  cupel  and  introduced  into  the  muffle 
by  the  side  of  the  alloy.  Suppose  that  after  cupellation  the 
proof  has  lost  two  milligrammes,  this  quantity  must  be  deducted 
from  the  weight  of  the  button  furnished  by  the  alloy.  These 
proofs  are  especiaUy  useful  when  the  alloy  contains  ^o^,)0/a^»tim, 
or  pcUladmnij  as  these  metals  tend  to  occasion  an  overweight  in 
the  button. 

Some  experiments  were  made  by  Mr.  Hahlet  ('  Chem.  Gaz.' 
vol.  XV.  p.  185),  to  ascertain  whether  the  loss  of  silver  by  cupella- 
tion is  the  same  when  varying  quantities  are  employed  with  a 
constant  ratio  of  lead,  and  also  to  find  the  loss  of  silver  when 
cupelled  with  a  gradually  increasing  ratio  of  lead.  The  conclu- 
sions drawn  from  the  experiments  are — i.  That  according  to  the 
decrease  in  weight  of  the  silver  cupelled,  so  the  loss  of  that 
metal  very  slightly  increases,  provided  the  ratio  of  lead  employed 
be  constant  2.  That  an  increasing  ratio  of  lead  produces  an  in- 
creasing loss  of  silver. 

According  to  Field  (*  Chem.  News,*  vol.  i.  p.  277),  the  pre- 
sence of  copper  exercises  a  material  influence  upon  the  loss  of 
silver  in  the  process  of  cupellation,  in  the  estimation  of  that 
metal ;  when  it  exists  as  a  double  sulphide  vnth  copper,  the  loss 
is  very  apparent,  so  much  so,  indeed,  that  in  the  assay  of  these 
double  sulphides,  Field  found  it  necessary  to  abandon.  tjb&  >&S9^S6L 
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method  and  to  adopt  the  following: — Hie  finely  powdered  minenl 
is  digested  in  stroDg  nitric  add  until  tbe  sulphur  is  jellow ;  tli« 
solution  is  somewhat  largely  dilated  with  water,  and  one  or  two 
drops  of  hydrochloric  acid  added.  After  heating  gently,  and 
Rllowing  the  supematnct  liquor  to  become  clear,  it  ia  filtered. 
The  residue  on  the  filter  consists  of  earthy  insoluble  matter  and 
chloride  of  silver.  It  is  dried,  and  the  greater  part  miz«d  in  b 
UOTtnT  with  carbonate  of  sodium,  a  small  quantity  of  litharge,  and 
a  few  grains  of  bitartrate  of  potassium.  About  half  the  mixture  ia 
put  in  a  crucible,  and  the  filter  ia  then  folded  up  and  placed  npaa 
the  powder,  the  remainder  of  which  ia  now  introduced,  and  tlw 
whole  covered  nith  a  little  fused  boiaz.  The  crucible  ia  now 
introduced  into  the  furnace;  an  argentiferous  button  of  lead  ia  - 
obtained,  which  is  cupelled  in  the  usual  manner. 

Among  the  various  other  methods  of  separating  mher  fo>m 
a^tper,  lico  ma;  be  specially  noticed.  7Aa  _fint  oon^sts  in  fiidng' 
the  argentiferous  copper  with  2^  parts  of  lead,  and  cooling  tbtt 
fused  mass  in  thick  round  calEes.  These  cakea  are  then  intro- 
duced into  a  furnace  of  peculiar  construction,  and  the  heat  ia 
raised  sufficiently  high  to  fuse  the  alio;  of  siWer  and  lead,  but 
not  to  fiise  tbe  copper.  On  cooling,  the  whole  of  the  nlver  ia 
found   coniliiiied   with   the  lead,  from   which  it  in  appnratpd  by 
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dissolves  iodine  in  iodide  of  potassium,  and  drops  it  into  the  solu- 
tion of  the  silver  salt  to  which  a  little  starch-water  has  previously 
been  added.  The  silver  compound  is  dissolved  in  nitric  acid, 
gently  evaporated  nearly  to  dryness,  a  slight  excess  of  carbonate  of 
sodium  introduced,  and  the  carbonate  of  silver  brought  into  solu- 
tion by  very  weak  acetic  acid ;  a  few  drops  of  dear  starch-water 
are  added,  and  the  ioduretted  iodide  of  potassium  dropped  in  from 
a  burette.  When  the  two  liquids  meet,  a  bright  blue  ring 
is  formed,  which  immediately  disappears  on  agitation,  yellow 
iodide  of  silver  being  precipitated.  When  a  permanent  blue  tinge 
is  produced,  no  more  silver  exists  in  the  solution.  Three  burettes 
are  employed ;  in  the  first  one,  each  division  corresponds  to  ^ 
of  a  grain  of  silver,  in  the  second  to  j^,  and  in  the  third  to  ^g^. 
When  it  is  evident  that  the  greater  part  of  the  silver  has  been 
precipitated  by  the  solution  from  the  first  burette,  a  small  quan- 
tity from  the  second  is  introduced,  and  the  last  traces  are  throvm 
down  by  the  third.  No  difficulty  is  experienced  in  compounds  of 
gilver  and  tirif  but  the  presence  of  mercury  entirely  vitiates  the 
results,  as  a  salt  of  this  metal  decomposes  the  stait^  compound 
with  great  facility. 

szXiVBS  (Amalramated).    See  Gebkan  Silver. 

szioz&os.    See  Brass. 

SMA&T  (Asnre  Blue). — Smalt  is  a  blue  glass,  which  is 
prepared  by  fusing  zafire  with  colourless  glass,  or  by  calcining 
a  mixture  of  equal  parts  of  roasted  cobalt  ore,  pearlash,  and  ground 
flints ;  the  result  is  a  blue  glass,  which,  whilst  red-hot,  is  thrown 
into  cold  water,  and  afterwards  reduced  into  impalpable  powder. 
Smalt  is  much  employed  in  the  potteries,  in  the  manufacture  of 
paper,  and  for  other  purposes. 

Smalt  is  sometimes  adulterated  with  chalk ;  this  fraud,  how- 
ever, may  be  immediately  detected  by  pouring  a  little  hydro- 
chloric acid  upon  it,  which  in  that  case  will  produce  an  effer- 
vescence. The  analysis  of  smalt  is  performed  exactly  like  that  of 
glass  (see  GIom). 

SOAP. — Soap  is  a  most  important  article  of  manufacture  and 
of  commerce ;  it  is  a  compound  resulting  from  the  combination  of 
certain  constituents  derived  from  fats,  oils,  grease,  and  rosin,  with 
certain  salifiable  bases,  which  in  detergent  soaps  are  potash  or 
soda. 

Oils  and  fats  consist  chiefly  of  three  principles,  of  different 
consistency,  the  one  more  fluid  than  the  two  others.  The  first  is 
called  oleine,  and  is  always  liquid  at  the  ordinary  temperature ; 
the  two  others  are  called  stearine  and  margarine.    These  sub- 
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sttiDces,  cliemically  considered,  han  t)Mn  ngsidad  u  wita,  or  com- 
binations of  AD  oxids  with  an  add,  tlut  Is  to  ny,  are  the  raoult  of 
the  combination  of  stearic,mBrgaric,ol6ie«cid,&c.,  with  the  oxida 
of  a  compound  radical,  called  glj/cttyU  (aweet  principle  of  oil*). 
Stearine  being  therefore  a  combination  of  stearic  add  with  oxide 
of  glyceryle,  is  a  atearate  of  oxide  of  glyceryls ;  oleiae  ia  oalie 
add  -t  oxide  of  glyceryle,  oi  oleate  of  oxide  of  glyceryle ;  nui^ 
garine  is  margaric  add  -f  oxide  of  glyceryle,  oi  margarate  of 
oxide  of  glyCBiyle,  &c  Glycerine  ia  a  combination  of  oxide  of 
glyceryle  with  water,  or  hydiate  of  oxide  of  glyceryle.  Now, 
when  these  Bubetances  (namely,  oleine,  atearine,  mai^arine,  &&, 
or  the  fats  or  oila  which  Ihey  conatitnte)  are  treated  by  a  solution 
of  potash  or  of  soda,  theii  constituents  react  upon  each  other,  and 
combine  with  the  potash  or  soda  to  form  aoap.  The  fallowing 
diagram  exhibits  this  intereatiitg  n 
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palm-oil,  kitchen  and  bone  fat,  resin.  This  last  substance  (resin) 
alwajs  makes,  even  with  soda,  a  soft,  viscid  kind  of  soap,  owing 
to  its  great  affinity  for  water ;  so  that,  even  after  having  been  arti- 
ficiallj  dried,  the  soap  made  vnth  it  deliquesces  by  exposure,  and 
returns  to  the  soft  state. 

On  the  Continent  olive-oil,  mixed  with  about  one-fifth  of  rape- 
oil,  is  principally  used  for  making  hard  soap.  This  addition  of 
rape-oil  is  always  resorted  to  because  olive-oil  alone  yields  a  soap 
80  hard  and  so  compact  that  it  dissolves  only  vnth  difficulty  and 
slowly  in  water,  which  is  not  the  case  with  rape-oil,  or  other  oils 
of  a  similar  nature — that  is,  oils  which  become  thick  and  viscid  by 
exposure — experience  having  taught  that  the  oils  which  turn 
viscid  the  soonest  by  exposure  yield  vnth  soda  a  softer  soap  than 
that  made  with  oils  which,  like  olive-oil,  remain  limpid  for  a  long 
period  under  the  influence  of  the  air.  The  admixture  of  rape-oil 
has  therefore  the  effect  of  modifying  the  degree  of  hardness  of  the 
Boap.  In  England  tallow  is  used  instead  of  olive-oil ;  the  soap 
resulting  from  its  treatment  with  soda  is  known  under  the  name 
of  curd  soap. 

There  are  too  kinds  of  hard  soaps,  besides  curd  soap  above 
alluded  to,  namely,  mottled  soap  and  yellow  ^Ued  soap. 

Mottled  soap  has  a  marbled  or  streaky  appearance ;  that  is  to 
say,  veins  of  a  bluish  or  slate  colour  pervade  its  mass,  which  ia 
white  or  whitish }  the  size  and  number  of  these  veins  depend 
on  the  more  or  less  rapid  cooling  of  the  soap  after  it  has  been 
cleansed,  that  is,  transferred  from  the  copper  to  the  frames.  The 
blue  or  slate  colour  of  these  streaks  is  chiefly  due  to  the  presence 
of  an  alumino-ferruginous  soap  interposed  in  the  mass,  and  fre- 
quently, also,  to  that  of  sulphide  of  iron,  which  is  produced  by 
the  reaction  of  the  alkaline  sulphides  contained  in  the  soda-ley 
upon  the  iron,  derived  from  the  iron,  copper,  and  utensils  em- 
ployed in  this  manufacture,  or  which  even  is  at  times  introduced 
purposely  in  the  state  of  solution  of  protosulphate  of  iron.  The 
veins  gradually  disappear,  by  keeping,  from  the  surface  to  the 
centre,  by  the  oxidation  of  the  sulphide  of  iron.  A  well  manu- 
factured mottled  soap  cannot  contain  more  than  33,  34,  or  at 
most  36  per  cent  of  water.  It  is  evident  indeed  that  the 
mottling  being  due  to  the  presence  of  sulphide  of  iron  held  in 
the  state  partly  of  demi-solution  and  of  suspension,  the  addition  of 
water  would  cause  the  colouring  substances  to  subside,  and  a 
white,  uncoloured,  or  Jkted  soap  would  be  the  result.  This  addi- 
tion of  water,  which  is  technically  called  fitting,  is  made  when 
the  object  of  the  manufacturer  is  to  obtain  a  unicoloured  yellow 
or  white  soap.    After  fitUng,  the  soap  contains,  therefore^  aa 
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RdditioDHl  qufintit}-  of  wkter,  wbich  MmetimM  uaomiti  to'55  per 
cent.,  and  which  ii  sold  at  the  price  of  MMp.  The  intenat  of  tha 
consumer  is  tliererore  deuly  to  buj-  motittd  toi^  in  pnfmnca  to 
yellow  or  white  WMp ;  the  mottliog  ia  a  aure  critMion  of  genniiw- 
ness,  for  Ibe  addition  of  water,  or  of  aaj  othet  aubetaiica,  wdhU 
infalliblj  destroy  the  mottling. 

Besides  water,  soap  is  often  aduHeieted  bj  gelatine  (Imowa  aa 
bone-«ofip),  which  is  made  bj  adding  to  tho  eoap  a  aolntioa  of 
disintegrated  bones,  sinews,  skills,  hoofs,  sprats,  oi  other  cheap 
6sb,  in  strong  cAustic  soda;  abo  bj  dextrine,  potato-atarch, 
pumice-stone,  silica,  plaster,  claj,  salt,  chalk,  carbonate  of  sodiiuo, 
&c,  &•;,,  flud  by  fnta  of  another  or  inferior  kind  than  thoaa  from 
which  they  are  represented  to  have  been  made. 

The  impurities  may  be  detected,  and  their  amount  ateutaiiMdi, 
in  the  following  manner : — 

Edimalion  of  the  Quantity  of  Water. — For  tha  pnrpoee  of  doter- 
mining  tbe  qunntity  of  water,  about  2/»o  grains  of  tbe  eoap 
under  exnminntion  sliould  be  cut  into  small  thin  shaTingt.  Theaa 
2,oco  grains  should  not  be  taken  from  the  outside  only,  which  ia 
always  drier,but  should  be  cut  off  from  the  whole  masa,eztem^y 
and  intematlr,  so  that  they  may  Tepreaent  a  &ir  average.  Theeo 
shATiogs  should  be  well  mixed  together,  and  lOo  gnuna  tliersof 
being  accurately  weighed,  should  then  be  placed  in  an  oven,  at  % 
temperature  not  exceeding  3I1°,  until  they  no  longer  ■<i'"™ith 
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the  silica  is  in  the  state  of  silicate  of  sodium  or  of  potassium,  it  is 
necessary  to  proceed  as  follows : — A  given  weight  of  the  suspected 
soap  should  be  first  dissolved  in  a  suitable  quantity  of  boiling 
water,  and  decomposed  by  the  gradual  addition  of  moderately 
dilute  hydrochloric  acid.  The  fsttty  acids,  which  separate,  being 
removed,  the  acid  liquor  should  be  evaporated  to  dryness;  the 
dry  mass  being  treated' with  boiling  water,  will  leave  an  insoluble 
residuum,  and  may  be  identified  as  silica  by  its  grittiness,  which 
is  recognized  by  rubbing  it  in  the  capsule  with  a  glass  rod.  This 
residuum  of  silica  is  then  collected  on  a  filter,  washed,  dried, 
ignited,  and  weighed. 

The  proportion  of  alkali  (potash  or  soda)  contained  in  soap 
may  be  easily  determined  by  an  alkalimetrical  assay,  as  follows : — 
Take  loo  grains  of  the  soap  under  examination,  and  dissolve  them 
in  about  2,000  grains  of  boiling  water;  should  any  insoluble 
matter  be  left,  decant  carefully  the  supernatant  solution,  and  test 
it  with  dilute  sulphuric  acid  of  the  proper  strength,  exactly  as 
described  in  the  article  on  AVuUimetry. 

The  proportion  of  alkali  contained  in  soap  may  also  be  ascer- 
tained by  incinerating  a  given  weight  of  the  soap  in  an  iron  or 
platinum  spoon,  capsule,  or  crucible,  treating  the  residuum  with 
water,  filtering,  and  submitting  the  filtrate  to  an  alkalimetrical 
assay.  This  method,  however,  cannot  be  resorted  to  when  the 
soap  contains  sulphates  of  alkalies,  because  the  ignition  would 
convert  such  salts,  or  a  portion  thereof,  into  carbonates  of  alkali, 
which,  saturating  a  portion  of  the  test  sulphuric  acid,  would  give 
an  incorrect  result. 

The  proportion  of  oil  or  of  fitt  in  soap  is  ascertained,  according 
to  M.  DuKAS,  by  adding  100  gr.  of  pure  white  wax,  free  from 
water,  to  the  soap  solution  in  which  the  proportion  of  alkali  haa 
been  determined,  and  heating  the  whole  until  the  wax  has  become 
perfectly  liquid,  and  has  combined  with,  or  taken  up  the  oil  or  fat 
which  w€is  separated  by  the  test  sulphuric  add.  The  whole  is 
then  allowed  to  cool,  and  the  cake  of  wax  obtained  is  removed 
and  weighed;  the  increase  above  100  grains  (the  original  weight 
of  the  wax)  indicates,  of  course,  the  quantity  of  grease,  fat,  or  oil 
contained  in  the  soap.  The  addition  of  wax  is  necessary  only 
when  the  fatty  matter  of  the  soap  is  too  liquid  to  concrete  well  on 
cooling.  Good  mottled  soap  ordinarily  contains  from  6  to  8  per 
cent,  of  soda ;  from  60  to  70  per  cent  of  fatty  acids  and  resin ; 
and  from  30  to  34  per  cent  of  water. 

The  nature  of  the  fat,  of  which  a  given  sample  of  soap  has 
been  made,  is  more  difficult  to  detect;  but  by  saturating  the 
aqueous  solution  of  the  mass  under  examination  with  tartaric 
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add,  collecting  tbe  fattj  adds  wbid  flien  float  on  de  taitta, 
and  observiDg  tbeii  point  of  tamtm,  the  operator,  at  any  rata,  will 
he  enabled  to  aacertain  whether  the  aoap  uoder  examinatiom  ia 
identical  with  tlie  sample  frdm  which  it  inaj  hare  been  pnrchand, 
and  whether  it  woa  made  from  tallow  or  from  oil,  tc 

When  the  fatty  acids  which  hare  been  isolated  hy  decot^ 
posing  the  soap  with  sulphuric  or  hjdrocKloric  add  are  heated  in 
a  small  capsule,  the  odour  aTolred  is  oltan  characteriatic,  or  at 
least  i^nerally  gives  a  clua  to  tbe  nature  of  the  &ta  or  oils  from 
which  the  map  has  been  made.  This  odour  is  often  (affidently 
perceptible  at  the  moment  when  tbe  aqueous  solution  of  the  soap 
is  decomposed  by  the  ecid  poured  in. 

Properly  made  soap  should  dissolve  completely  in  pore  water ; 
if  a  film  of  fatty  or  oily  matter  is  seen  to  float  on  the  surface,  it  ia 
a  proof  that  all  the  fat  is  not  sapooifled.  Another  tegt  is,  that  the 
fatty  or  oily  add,  separated  by  beating  the  soap  with  hydrochloric 
add,  should  be  entirely  soluble  in  alcohoL 

Soft  eoapa  are  combinations  of  fats  or  oils  with  potash ;  fa 
rather  are  solutions  of  a  potash-soap  in  a  ley  of  potash,  and  th^ 
therefore  always  contain  a  great  ezceH  of  alkali,  and  a  nune  or 
less  considerable  proportion  of  water ;  they  contain  also  a  certain 
quantity  of  chlorides,  of  sulphates,  and  aU  the  glycerine  whidt 
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Bait,  nor  too  sweet ;  the  colour  should  be  brown,  and  when  shaken 
in  a  glass  it  should  leave  on  the  surface  a  coating  of  a  transparent| 
bright,  yellowish-brown  colour. 

SPATBOBB  ZSOV.    See  Iron  Obbs. 
SPSZ8S. — Speiss  is  an  arsenio-sulphide  of  nickel,  which  is 
found  at  the  bottom  of  the  crucibles  in  which  smalt  is  preparedL 
Its  composition  is  generally  as  follows : — 

Nickel 49 

Arsenic 38 

Sulphur 8 

Cobalt,  copper,  and  antimony  ...      5 

100 

Nickel  is  sometimes  extracted  in  this  country  from  apeiss,  but 
in  Germany  speiss  is  always  treated  for  nickel,  for  the  manufacture 
of  German  silver. 

The  quantitative  determination  of  the  constituents  of  speiss 
may  be  effected  in  the  following  manner : — 

The  mass  is  first  reduced  into  powder,  and  roasted  as  com- 
pletely as  possible  with  charcoal,  in  order  to  volatilize  the  arsenic ; 
speiss  being  very  fusible,  the  mass  should  be  diligently  stirred 
during  the  roasting,  and  if  it  fuses,  which  frequently  happens, 
the  mass  should  be  pulverized  again,  and  again  roasted  in  con- 
junction with  charcoal.  After  having  eliminated  the  arsenic  as 
completely  as  possible,  the  washed  mass  is  dissolved  in  aqua-regia, 
and  evaporated  to  dryness.  Water  is  poured  upon  the  dry  mass 
and  filtered.  A  stream  of  sulphuretted  hydrogen  is  then  passed 
through  the  solution,  and  the  analysis  proceeds  exactly  as  we 
described  for  the  analysis  of  Kupfer  Nickel.  (See  the  article  on 
Kvpfer  Nickel.) 

SPBZiTaS.     See  ZiNC. 

SPXaXTS.     See  Alcohol.     BRAin)Y. 

spxarrs  of  bartsboaw.    See  Ammonia. 

SPXBXTB  OF  SAZiT.     See  HtDROCHLOBIC  ACD). 
SPZBZT8  OF  IRTIBB.     See  AlcOHOL. 

STBB&. — '  Pure  iron,'  vmtes  Karstbw  (Percy's  *  Metal- 
lurgy ')  '  perfectly  free  from  carbon,  is  so  soft  that  it  offers  but 
little  resistance  to  friction,  and  is  therefore  unfitted  for  most  of 
the  purposes  to  which  the  ordinary  metal  is  applied.  When 
combined  with  carbon  not  exceeding  certain  limito,  iron  increases 
in  tenacity,  and  consequently  in  elasticity ;  as  also  in  malleability, 
ductility,  and  hardness.  The  last  property  is  increased  by  sud- 
denly cooling  after  heating,  and  when  it  is  considerable,  as  is  the 
case  in  all  iron  containing  more  than  from  0*2  per  cent  to  0*25  per 
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cwboiJ,   the    iMt    propertr    is    klmoit   complel&lj-    lost.      VTith 
iH  per   cent  of  carbon  iron  ia*y  «ti!l  wilh  pv*t   difficulty  ba 
wnflttd  had  drawn   out  under  tie  hammer,  and  aithoQgb   very 
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at  95^  to  i(xf  C.  until  the  weight  remains  constant;  they  are 
afterwards  ignited,  and  the  weight  of  the  silica,  &c.|  is  deducted. 
The  loss  hj  ignition  represents  the  amount  of  carhon  residue 
containing  60  per  cent,  of  carbon ;  from  these  data  the  amount  of 
carbon  contained  in  the  steel  is  found  by  calculation. 

Determination  of  Carbon  in  Steel  by  the  Colouration  Test 
(EoGERTz). — Sesquioxide  of  iron  dissolved  in  nitric  acid,  if  not 
too  concentrated,  yields  a  solution  which  is  free  from  colour,  or 
has  only  a  feeble,  greenish  tint.  When  pig  iron  or  steel  is  acted 
on  by  nitric  acid,  the  solution  is  coloured  by  the  carbon  product  in 
proportion  to  the  amount  of  combined  carbon  present,  and  there  is 
no  action  on  the  graphite. 

A  normal  solution  is  prepared  by  dissolving  some  cast-steel 
containing  a  known  amount  of  carbon,  with  certain  precautions,  in 
so  much  nitric  acid  of  i'2  specific  gravity,  that  every  cubic  centi- 
metre (» 0*037  fluid  oz.)  of  the  solution  may  represent  cooi 
gramme  (  =  0015  gr.)  of  carbon.  This  normal  solution  does  not 
maintain  its  colour,  but  generally  becomes  paler  after  24  hours. 
Feebly  burnt  sugar  gives  a  yellow,  and  bard  burnt  sugar  a  brown 
solution;  by  dissolving  a  mixture  of  the  two  in  a  solution  of 
equal  parts  of  water  and  alcohol,  it  is  possible  to  obtain  a  yellow- 
brown  normal  solution  of  the  proper  tint,  which  may  be  kept  for 
some  time  in  a  hermetically  sealed  tube,  pretty  well  protected 
from  the  influence  of  light.  In  order  occasionally  to  control  the 
normal  solution,  O'l  grm.  (  =  1*543  gr.)  of  steel  containing  a  known 
weight  of  carbon  is  dissolved  in  5  cubic  centimetres  (  =  o*  1 8  fluid  oz.) 
of  nitric  acid,  and  the  solution  diluted  until  the  tint  corresponds 
to  that  of  the  normal  solution  of  burnt  sugar. 

The  process  is  conducted  as  follows : — o*i  grm.  («  1*543  gr.) 
of  the  finely  divided  steel  is  put  into  nitric  acid  of  1*2  specific 
gravity,  and  free  from  chlorine,  contained  in  a  test-tube  of  about 
4  inches  in  length,  and  0.4  inch  diameter.  The  tesMube  is  im- 
mersed in  water,  and  kept  at  the  temperature  of  80^  C.  If  the 
temperature  exceeds  this,  the  colour  of  the  solution  decreases,  and 
shows  too  small  an  amount  of  carbon.  By  a  lower  temperature 
the  dissolving  proceeds  too  slowly,  and  the  colour  of  the  liquid 
may  be  too  strong. 

When  the  evolution  of  the  carbonic  acid  gas  ceases,  which  for 
steel  usually  requires  two  or  three  hours,  the  test-tube  is  removed, 
and  allowed  to  cool.  The  solution  is  then  carefully  decanted  off 
from  any  black  particles  which  may  have  been  deposited  during^ 
cooling  into  a  graduated  tube,  a  few  drops  of  nitric  add  added,  an^ 
heat  applied ;  if  no  evolution  of  gas  occurs,  the  black  particles^ 
consist  of  graphite,  or  slag;  if  otherwise,  the  test-tube  is  coQ&d\ 
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and  the  Kilntinn  u  ad'i'^l  toflMt  hdon  oklvBed,md  tke«kofa 

dilated  iHth  ir&ter  nndl  the  col 
normal  aolulioa. 

If  I  cubic  MDtiinStre  of  Ae  n 
per  cent,  nt  carbon,  and  tbe  aoIntiaB  in  tha  gmdnatod  Um  B 
■HTM  7  cubic  centimetre!,  then  tba  ited  oponted  npcm  mirtiriiT 
07  per  cent,  of  (Srbon. 

As  it  is  tuuaUj  difficult  to  diMolve  cri  grm.  (^1-543  gr.)  of 
iron  in  lees  than  1-5  cnlde  centlmitni  tif  nitlic  add,  it  is  not 
poeaible  with  the  before-mentianed  nOTinal  loliitiaD  to  detendm 
leas  than  o'i5  per  cent,  of  carlxn.  When  Ute  cnlMn  nwriKuli 
0*8  per  cent,  the  aolnticn  has  a  greodah  tint,  wludi  ranncn  MOM 
liltle  difficnltj  in  eompnriag  it  with  the  normal  aolntion ;  in  n^ 
n  case  a  poorer  Doimal  aoliitiiu)  is  made  bj  «'<i<l"p  6  parts  br 
ii::eMnre  of  water  to  3  parts  (rf  the  common  normal  aoliitioD. 

Ettimatiai  of  Fho^kanu  nt  Sta^  (Emkstz,  PncT^ 
'  Metallu^y '). — i  pranuiM  of  tlie  powdemd  >le«l  ia  pat  into  » 
■mall  gluB  containing  13  cubic  MotimitKa  ( •><r43  fluid  os.)  of 
nitric  acid,  ap.  gr.  1-2.  H«at  ia  applied  I7  «  wator-batii,  asd 
when  the  metal  ia  diseolTed  tha  gbM  plate  ii  remored  from  tba 
month  of  the  glass,  and  the  solntian  ia  eraporated  to  dijuew ;  th» 
residue  is  moistened  with  two  cnbic  centimitree  (  »o-o75  flud  as.) 
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acid  thus  formed  is  dissolved  in  strong  ammonia,  the  insoluble 
residue  separated  by  filtration,  the  filtrate  evaporated  to  dryness^ 
exposed  to  a  red-heat,  and  stirred  until  the  dark  blue  colour 
becomes  yellow,  or  nearly  white,  when  cold ;  it  usually  containa 
a  little  B-pho9phoric  acid,  and  must  be  heated  with  nitric  acid 
over  a  water-bath  for  three  or  four  days,  in  order  to  obtain 
C'phosphoric  acidf  and  afterwards  evaporated  to  dryness.  Thia 
molybdic  acid  is  digested  in  a  closed  bottle  with  ammonia  of 
095  sp.  gr.  at  16®  C.  Four  parts  by  weight  of  ammonia 
are  added  for  i  part  of  molybdic  acid,  the  solution  filtered 
and  suddenly  added  to  15  parts  of  nitric  acid  of  i'2  sp.  gr.. 
at  16®  C.  The  solution  is  commonly  of  a  yellow  colour; 
a  small  quantity  of  a  yellow  precipitate  is  soon  formed,  which 
contains  C-phosporic  ctcidy  and  the  solution  is  colourless.  One 
cubic  centimetre  (  =  0*07  fluid  oz.)  of  the  solution  containa. 
o'o6  grm.  (0*925  gr.)  of  molybdic  acid.  Heated  during  6  hours  at 
40°  C,  no  white  precipitate  of  molybdic  acid  is  formed ;  but  this 
occurs  quickly  when  it  is  exposed  to  a  greater  heat,  unless  more, 
nitric  acid  be  added. 

BTZCX  ]LAC.    See  Shell  Lac. 

SVBACSTATfi  or  COPPSK.      See  COPFEB. 

svBCBiLORZBfi  OF  Bnatcv&T.    See  Mebcubt.. 

SVCCZsr.     See  Ambeb. 

BVCCZVATS  or  AXUSlomUM. — Succinate  of  ammonium 
is  a  salt  which  is  in  white  crystals,  unalterable  in  the  air.  The 
price  of  this  substance  being  high,  it  is  occasionally  adulterated 
with  tartaric  acid)  or,  according  to  Bebzelius,  it  is  sometimea 
altogether  imitated  by  a  mixture  of  tartaric  acid  and  of  rectified 
oil  of  amber.  This  fraud  is  easily  detected  by  dissolving  a  portion 
of  the  salt  in  question  in  water,  and  then  adding  to  its  solution, 
first,  a  drop  of  a  persalt  of  iron,  and  then  caustic  ammonia.  If 
the  liquor  contains  tartaric  acid,  the  ammonia  wiii  fail  in  pro- 
ducing a  reddish  brown  precipitate  of  peroxide  of  iron.  The 
adulteration  may  also  be  detected  by  gentiy  igniting  a  portion  of 
the  salt ;  pure  succinate  of  ammonium  volatilizes^  and  leaves  only 
a  trifling  residuum  of  charcoal,  whilst  tartaric  acid  intumescea 
and  leaves  a  bulky,  porous  charcoal,  and  emits  during  ignition 
the  characteristic  odour  of  burnt  bread. 

svcczsrzc  ACZB. — Succinic  acid  is  usually  extracted  from 
amber  by  subjecting  the  latter  substance  to  dry  distillation ;  but 
it  may  also  be  obtained  by  concentrating  the  mothei^water  result- 
ing from  the  action  of  nitric  acid  upon  wax,  or  upon  stearic  add. 

Pure  succinic  acid  is  in  white,  nacreous  spangles,  soluble  in 
water,  especially  in  hot  water,  and  the  solution  deposits  ciystalfl 
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in  cooling ;  it  is  leu  Boluble  in  aleoliol,  and  teuoeij  wlnUe  at 
all  in  ether. 

Succinic  add  ia  often  adnlterstecl  with  tartane  aeid,  *''~^*iTff 
in  hinoxalaie  of  polandum,  and  with  mI  atamiMiae. 

The  presence  of  Utrtarie  aeid  is  detected  bj  igniting  a  poition 
of  the  acid ;  if  tartaric  add  ia  preeent,  a  cwlxmBceoiu  resdua  will 
be  left,  whilst  pure  Buccinic  acid,  od  tbe  contni?,  erspontea 
completely  when  eipoaed  to  a  Ted  heat,  npon  a  strip  of  pUtinuni 
foil.  If  pure  succinic  acid  be  mixed  with  a  solution  of  a  pervalt 
of  iron,  and  an  excess  of  aqueous  ammonia  be  further  added,  • 
reddish  brown  precipitate  of  peroude  of  iron  will  be  produced ; 
not  so,  however,  if  tartaric  acid,  or  another  non-volatile  organic 
acid  is  present,  at  least  in  suffident  quautitf,  the  solution  of  tba 
persalts  of  iron  not  being  pieci}Htable  bj  ammonia  &om  solutiona 
which  contain  non-volatile  oTf^anic  aada.  The  admixture  of 
tartuic  acid  ma;  also  be  detected  in  succinic  add  by  dissolving  ■ 
portion  of  the  sample  in  water,  satuiating  tlte  add  with  ammonia, 
and  then  testing  with  a  solution  of  chloride  of  calcium,  which 
will  then  produce  an  abundant  white  predpitate  of  tarCtate  of 
calcium  ;  whilst,  if  the  succinic  add  is  pure,  no  precipitate  will  bo 
produced.  If  oxalic  add  or  a  solnble  oxalate  ia  present,  chlorids 
of  calcium  produces  a  precipitate  alaa 

If  the   succinic   add  under   exsminatiou  contains  any  bisul- 
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stroDj^,  but  not  fuming  muriatic  acid,  is  to  be  beld  at  the  sur- 
face of  the  mixture,  when  white  fumes  will  immediately  be  ob- 
servable. 

SVOAS. — The  sugar  imiversallj  used  in  England  is  cane- 
sugar,  which  is  extracted  from  the  sugar-cane  (Anmda  saccharifer\ 
which  is  raised  in  the  English  colonies.  The  manufacture-  of  this 
important  article  is  briefly  as  follows : — The  juice  of  the  cane  is 
first  boiled  with  lime  in  boilers,  where  it  is  converted  into  syrup, 
which,  when  sufficiently  concentrated,  is  transferred  to  coolers, 
and  thence  into  upright  casks,  perforated  at  the  bottom,  placed 
over  a  tank  or  cistern,  into  which  the  syrup,  which  has  not 
crystallized,  percolates,  whilst  the  sugar  remains  in  the  casks  in 
the  state  of  coarse  or  moist  stigar.  From  this  coarse  or  moist  sugary 
white  or  loaf  sugar  is  obtained  by  the  refiner  by  various  processes, 
which  it  is  not  the  object  of  this  work  to  detail. 

Moist  or  coarse  sugar  is  often  adulterated  with  sand^  plaster, 
chalky  potato-^flour,  and  other  feculas,  but  the  principal  sophisticar 
tion  is  with  starch-  or  potato-sugar  (grape-sugar,  glucose).  The 
manufacture  of  starch-  or  grape-sugar  has  been  so  much  improved 
that  it  is  by  no  means  easy  to  distinguish  it  from  ordinary  moist 
sugar,  especially  from  that  which  comes  from  the  East  Indies. 
Starch-sugar  is  sometimes  mixed  with  good  muscovado,  or  coarse 
cane-sugar,  and  sold  to  the  refiner  and  grocer  as  genuine  cane- 
sugar.  This  admixture  of  grape  or  potato-sugar  is  not  confined  to 
moist  or  coarse  sugar )  pounded  white  sugar  often  contains  con- 
siderable quantities  of  it,  sometimes  to  the  extent  of  30  per  cent. 

The  presence  of  grape-sugar  in  cane-sugar  may,  however,  be 
detected  in  various  wavs : — 

M.  CirEVALLiER*8  Process, — ^Take  of  distilled  water  300  grains, 
sugar  1 50  grains,  caustic  potash  8  grains,  and  introduce  the  whole 
into  a  tube  of  suitable  capacity  and  closed  at  one  end,  or  in  a 
small  flask,  and  boil. 

If  the  sugar  be  pure  cane-sugar,  no  sensible  change  of  colour 
will  take  place,  or  the  solution  will  only  take  a  green  tinge ;  but 
if  grape-sugar  be  presejit,  the  solution  will  assume  a  brown  colour, 
more  or  leas  intense,  in  proportion  to  the  quantity  of  grape-sugar 
present.  M.  CnEVALLiER  says,  that  with  a  little  experience  that 
quantity  may  be  approximatively  determined.  At  any  rate,  it  is 
a  test  of  the  presence  of  that  substance,  and,  according  to  M. 
KuHLMAN,  if  the  sugar  contains  from  2  to  3  per  cent,  of  grape- 
sugar,  the  change  of  colour  of  the  solution  is  quite  distinct 

Tkommer's  Pi'ocess. — A  more  delicate  test  is  that  originally 
contrived  by  Tromher,  by  which  even  so  small  a  quantity  as 
jj-th  part  of  grape-sugar  can  be  detected.    When  a  solution  of 
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nilphftte  of  copper  mixed  with  a  Mlntion  ot  potuh  ta  pound  Into 
a  Bolutdoo  of  sugar,  after  Ixnling  a  few  miiintefl  a  jellow  bTdrata 
of  oxjde  of  copper  is  depomted,  Di.  Ubx  girea  the  following 
directions ; — Dissolve  a  certtun  qnanti^  of  mlphate  of  coppM' — 30 
grains,  for  example — in  a  measnred  quanti^  of  water,  and  add,  In 
tiie  cold,  a  aoludoa  of  caturtic  potuh  thereto,  mitil,  hj  twting 
with  tarmeric-paper,  the  Bolatian  becomee  funtlj  alkalinai  which 
is  known  by  the  turmeric-paper  becoming  slightlj  brown,  Tliii 
forms  the  test-liquor,  which,  before  lunng,  ihoald  be  well  shaken. 
If  a  email  quantity  of  this  teat-Uqnor  be  now  added  to  the  aqoeona 
•olntion  of  the  sugar  under  examination,  and  the  whole  boiled, 
the  solution  becomes  at  first  green,  and  then  olive-green,  if 
dextrine  is  piesent ;  but  if  it  conta^  grape-sugar,  the  aalt  of 
copper  is  immediately  reduced  into  the  state  of  orange  oxide 
of  copper ;  whilst  the  solution  of  pure  cane-sugar  undergoes  no 
change,  or  scarcelj  any  change.  The  proportion  of  oxide  of 
copper  produced  affords,  therefore,  a  good  criterion  of  the  pori^ 
of  the  sugnr,  and  of  the  extent  to  which  it  is  adulterated. 

M.  Barreswill's  Proeeu  connrta  in  preparing  a  test  alkaline 
solution  of  copper  with  tartaric  acid,  by  means  of  which  not  onlj 
the  quantity  of  sugar,  but  of  each  species  of  sugar,  can  be  deter- 
mined  in   any  given    solution.      The   experiment   is  performed 
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may  he  nftcessary  to  bring  it  to  exactly  10,000  grains-measure. 
The  ebullition  with  hydrochloric  acid  converts  the  pure  sugar 
into  glucose  (grape  sugar). 

To  prepare  the  test-liquor  in  question,  take  500  gndns  of 
pulverised  cream  of  tartar,  400  grains  of  carbonate  of  sodium, 
dissolve  in  five  ounces  of  water,  and  heat  the  whole  to  ebullition ; 
add  to  the  mixture  300  grains  of  crystallized  sulphate  of  copper 
reduced  to  powder,  boil,  and  allow  the  whole  to  cool ;  lastly,  add 
400  grains  of  caustic  potash,  dissolved  in  four  ounces  of  water^ 
add  as  much  water  as  will  make  about  one  pint,  and  boil  again. 
This  liquor  undergoes  scarcely  any  change,  provided  it  be  kept  in 
a  black  bottle,  and  in  the  dark. 

Or,  according  to  M.  £.  Ebantz,  take  30  grains  of  the  sugar 
under  examination,  dissolve  them  in  about  one  ounce  of  distilled 
water,  filter,  and  add  three  grains  of  pure  caustic  potash  (potasse 
k  Talcohol),  and  one  and  a  half  grain  of  sulphate  of  copper ;  shake 
the  mixture  well,  and  close  the  vessel  containing  it  auvtight.  I 
starch-  or  grape-sugar  is  present,  a  red  precipitate  vdll  be  formed 
after  some  time,  and  if  in  considerable  quantity  the  copper 
will  be  entirely  converted  into  suboxide  within  20  hours.  The 
solution  is  at  the  beginning  blue  or  green;  it  then  gradually 
loses  its  colour,  and  at  last  it  becomes  colourless  and  does  not 
contain  a  trace  of  copper.  Pure  cane-  or  beetroot-sugar  does  not 
yield  any  red  precipitate  under  the  same  circumstances,  even  after 
a  lapse  of  eight  days. 

If  the  sugar  under  examination  be  a  mixture  of  equal  parts  of 
cane-  and  of  potato-  or  grape-sugar,  the  precipitation  is  complete 
within  20  hours.  And  even  with  2}  per  cent,  of  starch-sugar,  a 
slight  red  precipitate  is  obtained  after  24  hours,  but  the  solution 
remains  coloured  after  eight  days  have  elapsed.  The  above  tests 
are  applied  at  the  ordinary  temperature. 

Cane-sugai  is  sometimes  adulterated  with  sugar  of  milk ;  this 
fraud  is  easily  detected  by  treating  the  mixture  with  alcohol, 
specific  gravity  0*852 ;  the  cane-sugar  is  dissolved,  but  the  sugar  of 
milk  remains  insoluble.  Sugar  of  milk  imparts  a  brick-red  colour 
to  arsenic  acid. 

Potato-  or  grape-sugar  fuses  at  about  220^  Fahr. ;  as  it  cools, 
it  becomes  at  150*^  Fahr.  of  the  consistency  of  honey,  and  when 
cold,  it  has  that  of  treacle,  in  which  state  it  remains  for  a  con- 
siderable time  before  it  becomes  solid  again,  and  its  colour  remains 
unaltered;  whilst  pure  cane-sugar  requires  a  heat  of  280^  Fahr.  to 
fuse,  and  it  then  immediately  becomes  brownish-black,  or  of  a 
deep  chestnut  colour,  because  it  then  begins  to  be  charred. 

The  specific  gravity  of  a  solution  of  cane-sugar  containing  70 
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percent  of  sugar  is  i'343,  whOit  the  solntiaii  of  gnpe-tngaiof 
the  same  epecitic  graTitj  coDtama  75^per  cent  of  coocnte  msttar, 
dried  at  260°  Fohr.,  and  consequeotlj  freed  from  the  lO  per  cent 
of  water  which  it  coDtaina  in  the  gimnnlar  itftte. 

Cane-eugar  is  about  29  timee  more  sweet  than  gi»pe-e«tg«r. 

BUOAS  OF  KXAS,      Set  AcsIiTK  07  LXAD. 

Svo&tt-ViiinKB.    See  Buirc  Huiaa. 

SVXPBATX  or  COFVSB.     Set  COFPXB. 

smbPB&TS  or  MACUnaxSK  (Speoaa  Salte).  8m 
Maonbjia. 

SI7KPSATB  OP  «IVIM1MM.     See  QlTomrK 
BVKFBATB  OF  XIKO.     See  Zao, 

■nbPKUK  (Brliiutone).--Su]phur  is  a  simple  bodj  which 
ia  met  with  in  commerce  in  aniorphoui  nuutee — it  ia  then  called 
miu»ii-f  or  notice  lulphur ;  in  rolls  about  i  inch  in  diameter  and 
5  or  6  inches  long — it  is  than  caUed  etidt  or  roll  tidphw;  and  In 
powder — 'Jlvtcer  of  eulphur'  01  mbHmtd  n^httr. 

The  rough  sulphur,  in  square  or  oblong  blocks,  or  in  amorphoni 
mnaseR,  alwaja  contains  variable  quantities  of  impurities,  which, 
however,  are  generally  in  too  small  proportions  to  prove  msteriallj 
objectionable  for  practical  purposes.  The  prindpal  impnritiM 
alluded  to  are  xand  or  earthy  matter,  oiide  of  iron,  mdpkide  uf 
Vron,<^rftoH,  nw/pWf  nnrf  mrl'onntfi  of  dnr,  nilphale  0' 
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whicli  is  formed  during  the  sublimation  of  sulphur.  Washed 
flowers  of  sulphur  are  distinguished  from  those  which  have  not 
been  washed,  because,  on  pouring  boiling  water  on  the  latter,  the 
filtering  liquor  reddens  litmus-paper,  and  produces  a  white  preci- 
pitate with  solution  of  chloride  of  barium. 

SmbPBZDB  or  AVTZMOVT  (Grade  Anttmony).  See 
Anhmony. 

smbPBZBB  OF  iiJiSBxrzo.    See  Absenious  Acid. 

svxPBZBS  or  COPPBS.    See  Copper. 

SVXiPBZBS  or  XZVC  (Blende).     See  ZiSC, 
SVlbPBZBB  or  MBBCVBT  (VermUlon).   See  VerhiUON. 
SmbPBVRZO    ACZB    (OU  of  Vitriol,  VltrioUo  Acid).— 

Sulphuric  acid  is  a  heavy,  extremely  corrosive,  and  intensely  acid 
liquid,  of  an  oleaginous  consistence,  which,  when  pure,  is  colour- 
less and  odourless.  The  sulphwic  acid  of  Nobdhausen,  which 
may  be  considered  as  a  solution  of  anhydrous  sulphuric  in  ordi- 
nary concentrated  sulphuric  acid,  or  as  a  combination  of  2  equi- 
valents of  anhydrous  sulphuric  acid  in  2  equivalents  of  water,  has 
ordinarily  a  brown  or  brownish  colour;  but  the  ordinary  sul- 
phuric acid  has  frequently  that  colour  also,  which  in  both  varieties 
is  probably  due  to  the  presence  of  organic  substances  which  have 
been  charred  by  the  acid.  The  sulphuric  acid  of  Nordhausen 
emits  fumes  in  the  air,  and  of  course  is  so  much  the  more 
powerful  as  it  contains  a  larger  proportion  of  anhydrous  acid, 
which  is  disengaged  by  a  gentle  heat. 

The  monohydrated  or  ordinary  sulphuric  acid  which  has 
become  brown  by  exposure,  may  be  decolorized  by  heating  it 
gently,  the  carbon  of  the  organic  substances  being  thus  converted 
into  carbonic  acid. 

Concentrated  sulphuric  acid  absorbs  rapidly  the  moisture  of 
the  air,  and  accordingly  its  volume  augments  considerably  by  expo- 
sure, for  it  may  thus  absorb  several  times  its  own  weight  of  water. 
The  specific  gravity  of  sulphuric  acid,  in  the  most  concentrated 
state,  never  exceeds  i  '8485  ;  when  it  has  a  density  of  i  '85,  it  is  a 
sign  of  the  presence  of  some  impurity.  The  specific  gravity  of  the 
most  concentrated  commercial  acid  never  exceeds  1*847. 

In  taking  the  specific  gravity  of  sulphuric  acid  the  tempera- 
ture must  be  carefully  attended  to,  on  account  of  the  small 
specific  heat  of  the  acid,  for  the  slightest  increase  of  temperature 
immediately  diminishes  the  density.  Dr.  Ure  observes,  that  if  the 
thermometer  be  lifted  out  of  the  acid,  the  temperature  may  rise 
from  1 5°  to  20**  on  account  of  the  acid  which  adheres  to  it,  and 
which  absorbs  moisture  from  the  atmosphere ;  if  the  thermometer 
be  then  plunged  into  the  acid  again,  the  temperature  of  the  whole 
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IB  rataei.  TIiiB  requires,  thenfon,  particnlAr  can,  nnctt  u  i^ 
creaae  of  10°  Fahr.—th&t  utoofty  from  60^(070^ — would  bring  Um 
specific  grav it;  of  tbe  acid  from  i'8485  down  to  1*7731,  whidi,  in 
Diet,  would  be  the  gravity  of  the  sama  acid  diluted  wiSi  14  pat 
cent,  of  water.     (Sea  Table,  p.  363). 

A  more  eaaj,  aod  at  tbo  samo  tdma  mcoe  aoonnto  metliod  sf 
detennicing  tlie  etrength  or  value  of  anlplmiio  add,  ia  hj  »aoa- 
tatoing  its  satuniting  power ;  and  tlie  moet  courenieDt  waj  of 
doing  this  is,  perhaps,  b;  waterof  ammonia  of  a  Standard  afreagth, 
as  waa  fiiat  proposed  hj  Dr.  Ubb.  Fat  this  pnrpoee  a  ^tbh 
weight  of  the  acid  should  be  dilated  with  water,  and  water  of 
ammonia  of  specific  gnvi^  o-gga  is  poured  from  an  alkalimeter 
into  it,  until  complete  saturation  is  obtained.  Ereiy  1000  graitw 
measures  of  such  ammonia  contains  one  equivalent,  or  17  giuna  of 
ammonia,  and  saturates  therefore  esactlj  one  equivalent,  or  40 
grains  of  drj  sulphuric  acid,  or  49  grains  of  mmohjdrated 
sulphuric  acid. 

Instead  of  ammonia- water,  carbonate  of  sodium  may  be  Died 
as  a  test  of  the  saturating  power  or  actual  value  of  the  amd.  For 
this  purpose  a  linowD  weight  of  dij,  neutral  carbonate  of  aodinm, 
prepared  as  described  in  the  article  on  ABtcUinttry,  should  be  dia- 
solved  in  water,  and  the  solutiun  ia  then  gradually  added  to  tbe 
acid  until  complete  saturation  is  obtained,  exactly  as  in  alkali- 
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Table  of  the  Quantity  of  OH  qf  Vitriol  and  Dry  Sulphuric  Acid  in  100 
parts  of  Dilute,  at  different  Densities,  by  Dr.  Ubb. 
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Dry 
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8p.  Or. 

Dry 

ICX> 

1-8485 

81-54 

SO 

1-3884 
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98 
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48 
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97 
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79-09 

47 
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3832 

96 
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46 
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95 
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45 

1*3440 
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94 
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76-65 

44 

1*3345 

35-88 

93 
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43 

1-3255 

3506 

93 

1-8233 

75-02 

42 

1-3165 

34*25 

91 

1*8179 

74*20 

41 

1-3080 

33*43 

90 
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40 

1-3999 

33*61 

89 

1-8043 

73-57 

39 

1-2913 

31-80 

88 

1796a 
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38 

1-2826 

30*98 

87 
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70-94 

37 

1-2740 

3017 

86 

1-7774 

70*12 

36 

1-2654 

293s 

85 

1-7673 

69*31 

35 

1-2573 

28-54 

84 

1-7570 

68*49 

34 

1-3490 

27-72 

83 

1-7465 

67*68 

33 

1-3409 

36*91 

82 

1-7360 

66-86 

32 

1-2334 

36*09 

81 

1-7245 

6605 

31 

1-2260 

25.38 

80 

1 7120 

65-23 

30 

I -2184 

24*46 

79 

1-6993 

64-42 

29 

I '2108 

2365 

78 

1*6870 

63*60 

28 

1-2032 

33*83 

77 

1-6750 

62*78 

27 
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33*01 

76 

1*6630 
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26 

1-1876 
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75 

1*6520 

61*15 

25 

11792 

aO-38 

74 
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24 

1*1706 

19*57 

73 
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59-52 

23 

I -1626 

18*75 

72 

1*6204 
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33 

1*1549 

1794 

71 

1*6090 

5789 

31 

I -1480 

17*12 

70 

1-5975 

57-08 

30 

I -1410 

16-31 

69 
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5626 

19 

I  1330 

15-49 

68 

1*5760 

55-45 

18 

1*1246 

14-68 

67 

1-5648 

5463 

17 

1*1165 

13-86 

66 

1-5503 

53-82 

16 

1*1090 

130S 

65 

1-5390 

5300 

IS 

1*1019 

12-23 

64 

1*5280 

52-18 

14 
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10-41 

63 
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51-37 

13 

1-0887 

11-60 

62 

1*5066 

50-55 

13 

10809 

9-78 

61 

1*4960 

4974 

XI 

1-0743 

8-97 

60 

1-4860 

48-92 

10 

10683 

8-15 

59 

1*4760 

48*11 

9 

I '0614 

7*34 

58 

1*4660 

4729 

8 

10544 

6-52 

57 

1-4560 

46*48 

7 

X0477 

5*71 

56 

1*4460 

45-66 

6 

10405 

4-89 

55 

1-4360 

44-85 

S 

1-0336 

4 '08 

54 

1*4265 

4403 

4 

I -0368 

3-26 

53 

I  4170 

43*22 

3 

I-0306 

2-446 

52 

1-4073 

42-40 

3 

I -0140 

1-63 

51 

1-3977 

41-58 

1 

X 

X0074 
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present  40  gn.  of  dry  acid,  160  diridons  npRMBt  64  per  CMiL  of 
drj  acid. 

If  the  sulphuric  acid  under  CTKminttitm  contain  no  aolphato 
ID  EolutioD,  its  etrength  inaj  be  aaeertuned  bj  meuia  of  a  lonU 
solution  of  chloride  of  barium  ;  for  thia  pnipoae  lo50gTB.of  diliK 
ride  of  barium  should  be  diaaolTed  in  ic^ooo  grain-meuare*  at 
pure  water,  and  poured  gtadnallj  into  »  ffvea  qnaati^  id  •nl- 
pbiiric  acid  until  it  ceases  to  produce  a  predpit&te.  Eaeb  1000 
gnun-measures  of  the  chloride  of  barium  teat-liquor  coire^KUida 
to  I  J?  grains  of  sulphate  of  battnm,  or  to  40  gnina  of  oolphuno 
acid.  TowarJa  tbe  end  a  more  dilute  teat-liquor  mmj  b« 
employed. 

Tbe  Bulphuric  add  of  commerce  always  contvna  tu^kata  «f 
lead,  and  occasionally  tin,  nitrie  acid,  and  arwnte.  It  is  ray  otlcn 
adulterated  with  tulphale  of  potamtm,  3^  per  cent,  nf  which  an 
sufficient  to  increase  the  gravity  of  the  concentrated  add  to  i'86oi 
But  whether  sulphuric  acid  baa  been  aopbiaticatad  or  not  may  at 
once  be  detected  umply  by  evaporatiDg  a  (tiven  wftig^t  (rf  tba 
sample  in  &  platinum  cai«ule.  Tbe  diy  veddanin  ahoold  not 
exceed  i  per  cent. 

When  sulphuric  add  oontuna  mtpluOt  of  lead,  it  become* 
turbid  by  dilution  with  water;  becauw  sulphate  of  lead,  thangh 
soluble  in   the   concentrated  add,  is  insoluble  in  that  -arbich  ia 
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The  presence  of  nitrous  compounds  in  sulphuric  acid  is  some- 
times extremely  objectionable ;  for  when  such  an  acid  is  employed 
for  the  purpose  of  dissolving  indigo,  or  of  charring  madder,  a  con- 
siderable quantity  of  the  colouring  matter  may  be  irretrievably 
destroyed  and  lost.  Nitrous  compounds  can  exist  in  sulphuric 
acid  only  when  the  latter  has  not  been  brought  to  the  proper 
degree  of  concentration,  though  nitric  acid  is  sometimes  added  for 
decolorizing  sulphuric  acid  which  has  been  tinged  by  organic  im- 
purities. For  the  purpose  of  eliminating  the  nitrous  compounds 
which  may  contaminate  sulphuric  acid,  Felofze  recommends  to 
heat  the  acid  with  a  small  quantity  of  sulphate  of  ammonium, 
the  result  being  a  formation  of  water  and  nitrogen. 

SmbPBUSZO  ACZB  or  VORBBAITSBV  (Fnmlnff  Sul- 
pbnrlc  Acid,  Famiiiff  Oil  of  ITltriol). — The  sulphuric  acid  of 
NoRDHAUSEN  may  be  considered  either  as  a  solution  of  anhydrous 
sulphuric  acid  in  the  monohydrated,  or  ordinary  sulphuric  acid, 
or  as  a  combination  of  two  equivalents  of  anhydrous  sulphuric  acid 
with  one  equivalent  of  water.  It  is  an  oily  liquid,  ordinarily  of  a 
brown  colour,  of  specific  gravity  1*9.  The  brownish  colour  is  due 
to  the  presence  of  organic  matter  which  has  been  charred  by  the 
acid.  The  anhydrous  sulphuric  acid  which  the  fuming  acid  holds 
in  solution  is  very  volatile,  and  the  fuming  property  of  the  acid  is 
due  to  the  volatilization  of  the  anhydrous  acid  which  always 
escapes  at  the  ordinary  temperature  from  its  solution,  and  which^ 
combining  with  the  moisture  of  the  atmosphere,  is  condensed  in 
the  form  of  fumes.  The  sulphuric  acid  of  Nordhausbn  dissolves 
indigo  much  more  readily  than  ordinary  sulphuric  acid;  and, 
moreover,  as  it  never  contains  any  nitric  acid,  which  destrojrs 
indigo,  it  is  often  employed  in  preference  for  that  purpose.  The 
sulphuric  acid  of  Nordhausen  always  contains  sulphurous  acid| 
earthy  matter,  and  also  selenium.  The  mode  of  testing  the  purity 
or  strength  of  the  fuming  acid  is  the  same  as  we  have  described 
for  the  ordinary  acid. 

See  Blanc  Mange. 

nSBTZC.      See  AnTIM ONT. 

ACZB. — Tartaric  acid  is  not  altered  by  exposure ; 
it  intumesces  when  heated,  and  then  undergoes  decomposition.  It 
is  soluble  in  water  and  alcohol;  but  its  aqueous  solution  soon  turns 
mouldy. 

Tartaric  acid  is  often  contaminated  by  lime ;  when  this  is  the 
case,  it  fails  in  dissolving  completely  in  alcohol,  which  it  would 
do  if  pure.  The  presence  of  lime  can  be  identified  by  dissolving  a 
portion  of  the  acid  in  water,  neutralizing  with  ammoniai  and  then 
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adding  oxAlste  of  ammonium,  which  will  prodoM  ft  pndintite  of 
oxalftte  of  calcium,  wbich,  if  in  anffidcint  qnantit^,  may  ba  col- 
lected on  a  filter,  waBhed,  dried,  and  modedntdf  ignited  until  all  th* 
carbon  is  burnt ;  the  residuum  ia  carbonate  of  ftalrinm,  which  maj 
then  be  weighed.  50  grs  iua  of  carbonate  ot  caldnm  repretent  38 
of  lime,  or  each  gmb  of  caibcoukto  of  <Tfifi"T  containa  o'56i93 
grain  of  lime. 

As  tartaric  add  is  prepared  bj  deoomporing  the  tntartrata 
of  potaasium  by  carbonate  of  caldnm,  so  aa  to  obtain  a  tutnte  of 
calcium,  which  is  aubeequently  decompoeed  \ij  sulphuric  add,  the 
tartaric  acid  of  commerce  genenllj,  ot  at  least  very  often,  letaina 
a  small  quftutitj  of  sulphuric  add,  the  presence  of  which  is 
detected  b;  diseoWing'  a  portion  of  the  tartaric  acid  under  examina- 
tion in  water,  and  pouring  into  theaolutionafew  drops  of  chloride 
of  barium,  which  will  produce  a  white  predpitate  of  sulphate  of 
barium,  if  sulphuric  acid  be  present,  in  which  case  chloride  of 
bHrium  should  be  added  as  long  ssit  producMapiedpitate,  which 
maj  then  he  collected  ou  a  Slter,  washed,  dried,  and  weighed.  1 17 
graioH  of  sulphate  of  barium  represent  40  grains  of  sulphuric  acid^ 
or  each  grain  of  sulphate  of  barium  obtained  is  equivslent  to 
0*34372  grain  of  sulphuric  add. 

Tartaric  acid  is  often  adulterated  with  bitartrato  of  potasdnm 
his  frnnd  is  easily  delected  bv  tlie  rfsiduum 
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universal  comforter  far  better  than  its  ally,  sugar,  on  which 
Mr.  Lowe  bestowed  not  long  ago  such  extravagant  praise.  It  is 
the  constant  and  indispensable  drink  of  women  of  every  rank,  and 
is  scarcely  less  appreciated  by  the  stronger  sex.  This  imexampled 
popularity  of  a  foreign  luxury  has  had  economical  results  com- 
parable for  magnitude  with  the  social  changes  it  has  wrought 
Nor  are  there  any  signs  of  slackening  in  this  development.  In 
1866  the  import  of  tea  into  this  country  had  reached  what  was 
then  considered  the  amazing  figure  of  i2i,ocx>,c>oolb.;  the  esti- 
mated value  being  io,ocx>,ooo/. ;  but  the  average  importation  in 
the  three  years  1868-70  had  risen  to  i45,ocx>,cxx>  lb.,  and  in  1872 
the  quantity  of  tea  actually  sent  from  China  alone  to  the  ports  of 
the  United  Kingdom — not  including  the  Assam  and  other  Indian 
grovTths  or  the  fancy  teas  of  foreign  countries — was  not  less  than 
152,283,8471b. 

'  This  immense  consumption  makes  the  purity  and  wholesome- 
ness  of  the  leaf  a  matter  of  the  first  consequence  to  the  people  of 
these  kingdoms.  In  spite  of  the  warnings  of  some  fanatical 
physiologists,  we  have  settled  dovm  in  the  comfortable  assurance 
that  tea,  if  unadulterated,  is  a  beneficial  as  well  as  a  pleasant 
element  in  our  diet.  But  we  have  only  too  good  reasons  for  call- 
ing in  question  the  genuineness  and  innocence  of  a  great  part  of 
the  supply  commonly  retailed  in  England.  Since  the  Adulteration 
Act  has  come  into  operation,  several  large  seizures  of  various 
mixtures  pretending  to  be  tea,  and  the  labours  of  competent 
analysts,  have  brought  to  light  the  existence  of  adventitious  ele- 
ments, many  of  them  injurious  to  health,  most  of  them  disgusting, 
and  all  of  them  intended  to  defraud  the  ignorant  or  careless 
purchaser.  The  sale  of  such  spurious  products  comes  within  the 
scope  of  the  Adulteration  Act,  whether  we  regard  that  measure 
as  designed  for  the  protection  of  the  public  health  or  for  the 
repression  of  commercial  dishonesty.  But  it  is  obvious  that  the 
iniquitous  traffic  can  only  be  kept  in  bounds  by  the  imposition  of 
frequent  and  severe  penalties  upon  the  ofienders ;  and  here  we  are 
met  by  an  objection  which,  appealing  to  our  sense  of  justice  and 
fair  play,  compels  us  to  pause.  The  retail  grocers,  who  are  of 
course  the  persons  on  whom  the  law  lays  its  grasp  when  the  sale 
of  adulterated  tea  is  detected,  protest  that  they  are  made  respon- 
sible for  fraudulent  practices  to  which  the  article  was  subjected 
before  it  came  into  their  hands,  the  results  of  which  they  profess 
themselves  incapable  of  detecting,  and  for  which  they  disclaim 
any  responsibility.  The  wholesale  dealers  put  forward  in  sub- 
stance the  same  plea.  They  allege  that  the  spurious  tea  which 
is  complained  of,  and  which  has  been  the  subject  of  recent  prose- 
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ciilion?,  ID  in  fnct  adulterated  in  China.  There  seeoiB  to  be  no 
doubt  tliat  this  allegation  is  founded  on  fact.  Chests  of  tea  have 
been  tiikon  out  of  bund  nt  the  Customhouse  bj  the  CoinmUsioneis 
of  Scners  of  tht-  City  of  London  sad  condemned  by  a  magistrate 
Rs  spuritiii»>.  It  ia  only  natural  that  the  small  traders  should  Cty 
out  tiiat  the  new  law  punishes  the  innocent,  while  it  fails  to  reach 
the  <;iiiUy.  Several  influeatial  Clianibers  of  Commerce  and 
Traders'  Assnciiitiuns  have  called  upon  the  OoTemnient  to  inter- 
fere by  slDppin;r  the  importation  of  all  adulterated  tea.  This,  at 
firiit  ^ight,  nppt-ars  but  rensoniLble.  All  the  ten  that  is  imported 
into  this  country  pusses,  fur  duty-levying  purposes,  tlirough  the 
hands  of  tbu  Cioveninient,  and  as  the  Government  draws  a  lai^ 
revenue  from  nil  ihiit  nominally  enters  our  porta  as  tea,  it  ia 
argui^d  that  the  genuiiieuesa  of  the  article  on  which  the  duty  ia 
levied  should  in  some  sense  bo  guaranteed.  The  Government  doee 
not  pretend  to  impose  a  Customs  duty  on  red  earth,  black-lead, 
Prussian  blue,  the  sweepings  of  floors,  or  the  other  spurious  in- 
gredients in  "  Lie  Tea,"  as  the  Chinese  coll  it  It  is  tea,  and  tea 
only,  thiit  ia  taxed;  mid  the  dealer  contends  that  he  has  a  right  to 
be  assured  that  tlie  article  on  which  ho  pays  duty  is  that  which  it 
professes  to  be. 

'  An  iulen'sting  cnrre?ponden;o  which  was  communicated  last 
week  by  the  Home  OITice  to  the  Vestry  of  SInrylebone  shows. 
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the  trade  consequent  on  the  establishment  of  any  system  of  in- 
spection in  bond  would  deal  a  blow  at  British  commerce  by 
diverting  from  our  ports  the  large  quantity  of  tea,  amounting  on 
the  average  to  more  than  30,000,000  lbs.  per  annum,  which  is 
intended  to  be  re-exported,  and  which,  if  delayed  or  exposed  to 
the  risk  of  confiscation,  would  be  certainly  warehoused  by  pre- 
ference in  foreign  countries.  We  confess  we  do  not  think  much 
of  the  difficulty  of  deciding  what  is  and  what  is  not  adulterated 
tea ;  a  few  simple  rules  could  be  easily  drawn  up  for  the  guidance 
of  inspectors  or  analysts,  which  would  protect  "gunpowder," 
green  teas,  or  "orange-scented  Pekoe"  against  the  penalties  which 
would  rightly  attach  to  "  Lie  Tea."  In  fact,  it  appears  to  us  that 
the  commercial  argument  against  inspection  is  the  only  one  which 
deserves  consideration.  The  Commissionera  of  Customs,  in  their 
second  Report,  evidently  feel  that  the  extensive  powers  for  the 
suppression  of  adulteration  now  intrusted  to  the  Local  Govern- 
ment Board  relieve  them  from  a  very  onerous  responsibility ;  and, 
doubtless,  if  the  inspection  of  imported  teas  and  similar  articles  of 
food  should  be  made  compulsory,  it  will  be  most  effectively  con- 
ducted by  officers  trained  in  the  art  of  analysis,  and  subject  to  the 
rule  of  Mr.  Stanfeld's  Department.  We  find  little  difficulty  in 
agreeirg  with  the  Marylebone  Vestry  in  the  suggestion  that  "  the 
Government  might  frame  regulations  which  would  protect  the 
public  to  a  very  great  extent,  and  prevent  in  a  great  measure  the 
delivery  from  the  Customs  of  adulterated  tea  and  other  produce." 
Only,  when  such  regulations  are  being  considered,  their  effect  on 
the  import  trade  must  bo  taken  into  account.  In  the  meantime 
we  may  hint  that  the  retail  dealers,  however  innocent  of  the 
offences  for  which  they  have  been  prosecuted  and  punished,  may 
easily  clear  their  characters  by  declining  to  deal  with  wholesale 
tea-merchants  who  will  not  guarantee  the  purity  of  the  article 
they  supply.  The  wholesale  merchants  have  both  in  China  and 
at  home  abundant  opportunities  of  ascertaining  whether  the 
produce  they  sell  is  genuine  or  not.  If  they  sell  adulterated 
produce,  they  do  so  knowingly,  or  with  that  crass  negligence 
which  the  law  considers  equally  culpable  with  wilful  wrong. 
The  public,  too,  may  protect  themselves  by  insisting,  wherever  it 
is  possible,  on  a  guarantee,  and  by  exacting  without  flinching  the 
penalties  that  have  been  enacted  for  the  repression  of  this  wicked 
sort  of  dishonesty.* 

Adulteration  of  Tea, — Mr.  Alfred  H.  Allbnt  (who  has  con- 
tributed some  valuable  articles  on  *  Chemistry  applied  to  the 
Detection  of  Adulterations*  to  the  *  Chemical  News*)  arranges 
the  adulteration  of  tea  under  four  heads : — i,  Mineral  additions 
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used  for  lacreaaiDg  weight  or  balk;  a.  Oiganio  i^ , 

for  increauDg  weight  or  h\SSc ;  3,  Adnltention*  naad  for  imput- 
ing fictitioua  Btrength ;  4.  Fadngi,  or  oolonniig  matsriila. 

Mr.  Aij,EN  gives  the  following  idifldie  for  the  d«t«otkn  of 
these  adulteration B  (see  '  Chem.  N«i*Al  Noa.  751  itlaq.)i — 

I.  Mineral  AduHeratian*  lutdfat ^enamnff  WpgU  or  SmI 
Magnetic  matter  ia  beet  detected  by  pomidiiig  a  known  weight  of 
the  tea  (saj  16  (rrsmmea),  «od  pUdng  it  on  m  sheet  of  glued 
paper.  A  magnet  is  applied  to  Uie  ander  nde  of  the  p*por,  voA 
moved  laterally  with  its  polea  id  contact  with  the  paper  j  mnj 
magnetic  matter  is  thus  readily  drawn  ou^  and  wparated  tma  tiM 
tea.  The  use  of  the  magnet  should  be  continned  till  nothing 
more  follows  it.  The  magnetic  matter  ii  next  boiled  with  water 
for  a  few  minutes,  to  separate  adherent  organic  partidea,  and 
water  is  then  decanted.  The  residue  is  then  weighed,  and 
examined  under  the  microscope  as  an  opagvt  object.  If  it  eonnst 
of  magnetic  oxide  or  titanate  of  iron,  a  cryatalline  beat  will 
probably  be  apparent,  the  hulk  of  the  object  haring  a  jet-hlad 
cnlnur.  Occasionally,  though  very  nrely,  metaUie  iron  is  preennt. 
This  is  dislinguished  from  the  minerals  by  the  action  of  mode- 
rately concen^ted  nitric  add  (ep.  gr.  11),  which  diesolves  it 
with  tbn  prodoctiim  of  reii  futues.  but  does  not  afl'iict  tha  native 
compounds.    Mftnllic  iron  is  also  diatinguiehed  by   its  power  of 
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green  teas  (especially  gunpowder) ,  tUe  aali  of  these  sometimes 
reaches  nearly  8  per  cent 

For  the  estimation  of  the  amount  of  extraneous  silica,  the  ash 
should  be  well  boiled  with  water  and  the  liquid  filtered  (the  pro- 
portion of  soluble  ash  being  a  valuable  criterion  of  the  presence  of 
exhausted  leaves).  The  residue  is  washed  off  the  filter,  or  the 
paper  ignited  and  boiled  with  concentrated  hydrochloric  acid. 
The  extraneous  silica,  consisting  of  quartzose  particles  and  in- 
soluble silicates,  is  left  undissolved,  and  after  collection  on  a 
filter,  washing,  and  ignition,  it  may  be  weighed.  '  Caper  tea '  is 
the  kind  most  frequently  adulterated  with  siliceous  matter,  the 
amount  added  sometimes  reaching  1 5  or  20  per  cent.  Frequently 
the  silica  exists  in  the  form  of  quartz-fragments  of  very  sensible 
size.  Tea-dealers  are  well  aware  of  the  existence  of  this  adultera- 
tion, and  of  the  class  of  teas  most  subject  to  it;  and  they  know 
that  if  present  they  will  see  the  sand,  &c.  at  the  bottom  of  the 
vessel  in  which  the  tea  is  infused. 

If  desired,  the  iron  can  be  estimated  in  the  hydrochloric  solu- 
tion by  one  of  the  volumetric  methods.      (See  Iron,) 

2.  Organic  Adulterations  used  for  increasing  Weight  and  Bulk, — 
These  are — exhausted  tea-leaves,  and  leaves  other  than  those  of 
the  tea  plant.  The  chemical  methods  for  the  detection  of  these 
adulterants  are  much  the  same ;  but  in  the  latter  case  we  have 
also  the  botanical  characters  of  the  leaf  to  rely  on,  and  these  are 
sufficiently  definite  to  enable  us  to  form  an  opinion  quite  inde- 
pendently of  the  analytical  results. 

Exhausted  tea-leaves  are  leaves  which  have  been  previously 
infused  in  water  and  then  redried,  with  or  without  the  addition  cf 
gum  or  starch. 

It  is  evident  that  the  effect  of  infusing  tea-leaves  in  water  is 
to  extract  the  greater  part  of  the  soluble  constituents  of  the  tea, 
and  that  redried  leaves  will  have  a  composition  widely  different 
from  that  of  the  original  tea. 

The  two  principal  constituents  extracted  from  tea  by  hct 
water  are  tannin  and  gum ;  more  or  less  colouring  matter,  soluble 
salts,  theiiie,  &c.,  being  also  dissolved. 

Tannin. — Of  the  soluble  constituents,  tannin  is  by  far  the 
most  important  and  constant ;  but  unfortunately,  until  recently, 
the  methods  of  estimating  its  amount  were  very  unsatifactory,  the 
whole  of  the  soluble  extract,  after  allowing  for  the  gum,  having 
sometimes  been  called  tannin. 

Black  tea  differs  from  green  tea  in  the  method  of  its  manu- 
facture, the  leaves  being  allowed  to  undergo  a  kind  of  fermentation 
when  black  tea  is  to  be  produced.    During  this  fermentation  a 
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portion  of  the  tanuiD  becomes  altered,  with  the  prodnedoii  of 
dark-coloured  inaoluble  mettei,  «o  that  bUck  tea  !■  fonnd  to 
contain  n  higher  percentage  of  inaoluble  matter,  and  a  lowar 
]tercentage  of  tannin,  than  green  tsa — the  itun  of  ^e  two 
constitueots  beinp:  moderatelj  constant  Bj  the  proceea  of  ter- 
DienUtion  the  renuuDing  tumin  nndei^oes  a  curions  change,  for 
the  tincture  of  green  tea  precipitate!  perchloride  of  iron  bhuik- 
black,  while  tincture  of  black  tea  givea  a  green  colour  with  inui, 
ju9t  as  catechu  does.  If  excess  of  ammonia  be  added  to  either 
coloured  test,  a  aolubte  oxidatioD  product  is  fonned  of  a  deep 
blue  colour. 

Estimation  of  Tmmia. — After  reviewing  the  difTerent  methods 
that  have  been  proposed,  Mr.  Allkit  pies  the  following  pro- 
cess:—  5  graninipa  of  Rcelata  of  lead  are  dissoWed  in  water  and 
diluted  ia  i  litre,  and  the  solution  filtered  aft^r  standing'.  The 
indicator  is  made  bj  dissolving  5  milligrammes  of  pure  ferri- 
ctjanide  of  putastium  in  5  C.C.  of  water,  and  adding  an  equal  bulk 
of  strong  solution  of  ammonia.  One  drop  of  this  test  will  detect 
0001    milligrnmme  of  tannin,  oi  i  milligramme  dissoWed  is 

The  precipitating  power  of  the  lead  solution  is  ascertained  bj 
diluting  10  cc.  of  it  to  about  100  c.c.  with  boiling  water,  and 
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particles  of  leaf  returned  to  the  flask,  and  the  boiling  resumed  for  an 
hour  with  the  same  quantity  of  water.  The  process  is  repeated  till 
no  more  colouring  matter  is  extracted.  The  whole  of  the  solution 
is  set  aside,  to  allow  any  particles  that  may  have  passed  through 
the  muslin  to  subside,  when  the  liquid  is  decanted  from  the  sedi- 
ment, the  last  portions  passed  through  a  filter,  and  the  whole 
decoction  made  up  to  250  c.c.  This  diluted  solution  is  ready 
for  use  in  the  burette,  the  remainder  of  the  process  only  occupy- 
ing a  few  minutes. 

The  volume  of  tannin,  or  tea  solution — it  is  necessary  to  add  to 
100  c.c.  of  pure  water  in  order  that  a  drop  may  give  the  pink 
reaction  with  the  ferricyanide— is  subtracted  from  the  total  amount 
run  from  the  burette.  If  the  solutions  are  made  of  the  strength 
here  described,  10  c.c.  of  the  lead  solution  will  precipitate  about 
10  milligrammes  of  pure  gallo-tannic  acid,  and  therefore  the 
volume  of  tea  solution  added  contains  o'oi  grm.  of  tannin.  If  all 
the  weights  and  volumes  above  mentioned  are  observed,  125 
divided  by  the  number  of  c.c.  of  tea  solution  us«d  will  give  the 
percentage  of  tannin,  &c.  in  the  sample. 

Even  after  infusion  tea-leaves  still  contain  a  sensible  quantity 
of  tannin,  which  varies  from  i  to  4  per  cent,  according  to  the 
extent  of  the  previous  treatment.  The  usual  amount  is  about  3 
per  cent.  Taking  the  tannin  in  fresh  teas  at  10  per  cent.,  and  in 
exhausted  leaves  at  2  per  cent,  the  extent  to  which  a  sample  is 
adulterated  would  be  found  approximately  by  the  following 
equation,  in  which  £  is  the  percentage  of  exhausted  leaves,  and  i 
the  percentage  of  tannin  found : — 

(lo  —  t)  100 
*•  8  • 

Insohtble  Matter, — When  tea  in  its  commercial  condition  is 
boiled  repeatedly  in  fresh  quantities  of  water  till  the  liquid  no 
longer  becomes  coloured,  the  residual  leaves,  when  thoroughly 
diied,  weigh  about  50  per  cent  of  the  original  tea,  if  green,  and 
about  60  ppr  cent  if  black.  A  large  number  of  analyses  have 
shown  that  this  proportion  of  insoluble  matter  is  very  constant, 
even  in  teas  of  vefy  different  qualities;  but  in  broken  teas  the 
insoluble  matter  is  less  than  in  unbroken,  and  the  percentage  more 
constant:  therefore,  in  estimating  the  amount  of  insoluble  matter 
in  tea,  it  should  be  always  done  with  patmded  tea,  most  con- 
veniently by  drying  the  residue  left  after  filtration  of  the  tannin 
solution  at  about  100°  till  the  weight  is  constant  When  the 
process  is  repeated  on  the  same  tea,  the  results  agree  extremely 
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cToselj  with  the  previous  eatinulJOD,  nud;  ahomag  ft  diffennM 
of  0-5  per  cent. 

The  estimntioD  of  inaolublo  matter  u  of  impoiiwies,  u  t,  meaiu 
of  totmiag  aa  opinion  as  to  tha  prawnce  or  sfasence  of  exhatuted 
leaves.  The  percentage  of  inaolubla  matin  cootuned  in  poimdtd 
previmaiy  aifiued  blsclf  tea-leaTei  Tiries  between  73  and  75  por 

(7um.— This  is  determined  hj  erKpontiag  the  aqneonj  deno»- 
tion  of  the  tea  almost  to  an  extract,  treating  the  reddne  with 
methylated  Bpirit,  and  filtering  and  washing  with  apiiit.  The  gum 
is  rinsed  ofiT  the  filter  with  hot  water,  the  eolation  evaporated  at  a 
»(eam  heat,  and  the  residue  weighed,  ignited,  and  weighed  agun. 
The  loss  represents  tha  gum.  If  the  ignition  ia  omitted,  tha 
Tesulta  arc  too  hi^h,  owing  to  tbe  presence  of  mineral  matter. 

Soluble  Ath. — This  is  determined  bj  evaporating  tha  aqnaons 
solution  of  t)ie  ash  nnd  gently  igniting  the  residue,  which  must 
be  cooled  under  a  dpsiccator.  It  is  aeaicel;  ever  below  3*00  per 
cent.,  while  ej-haiuteJ  leaves  do  not  yield  more  than  o'ji  per  cent. 
The  percentage  of  ash  soluble  in  water  is  therefore  a  valnabla 
independent  indication  of  the  presence  of  exhausted  and  foreign 

3.  AduUir(uUi  used  for  iit^rtmg  a  Fictiliout  Strength. — Theoe 
are — extraneous  tannin  matters,  aucb  as  catechu,  lie-tea,  aoluble 
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larger,  the  filtrate  from  the  lead  precipitate  gives  a  bright  green 
colour  on  adding  one  drop  of  dilute  chloride  of  iron ;  while  the 
solution  of  pure  tea  gives  only  a  slight  reddish  colour,  due  to 
the  presence  of  acetate.  On  allowing  this  liquid  to  stand,  the 
adulterated  tea  gives  a  precipitate  of  a  greyish  or  olive-green 
colour,  the  pure  tea  solution  undergoing  no  change. 

Lie-tea  consists  of  the  dust  of  tea  or  other  leaves  mixed  with 
clay,  sand,  iron-ore,  &c.,  and  made  into  irregular  masses  by  means 
of  gum  or  starch ;  it  is  probably  composed  of  the  general  sweep- 
ings of  the  manufactories,  and  if  so  its  nature  will  vary  according 
to  circumstances.  When  put  into  hot  water,  it  disintegrates  and 
falls  to  powder,  in  consequence  of  the  solution  of  the  gum  or 
starch  used  for  procuring  the  adhesion  of  the  other  materials. 
The  iodine  test  for  starch  may  be  applied  to  the  liquid,  after 
acidifying  with  sulphuric  acid  and  decolorizing  with  per- 
manganate. The  ash  of  lie-tea  is  often  as  high  as  30  or  40  per 
cent. 

Caper 'tea  is  the  name  given  to  tea  which  has  been  made  up 
into  little  glossy  masses  by  the  aid  of  gum  or  starch ;  it  is  often 
glazed  with  graphite.  That  from  the  Canton  district  is  invariably 
adulterated  with  sandy  and  magnetic  matter,  and  often  with 
extraneous  astringents  and  foreign  leaves.  The  insoluble  matter 
in  caper-tea  is  usually  considerably  less  than  in  genuine  tea :  the 
gum  often  amounts  to  1 5  or  20  per  cent. 

Soluble  iron  aalts  are  sometimes  added  to  tea,  to  give  an 
appearance  of  strength  by  the  formation  of  a  dark-coloured 
tannate  of  iron.  They  may  be  detected  by  shaking  the  powdered 
leaves  with  cold  dilute  acetic  acid,  decanting  or  filtering^  and 
testing  the  liquid  for  iron  by  ferrocyanide  of  potassium. 

Facings  and  Colottring Materials. — Sometimes  colouring  matters 
have  been  used  extensively  for  transforming  black  tea  of  low 
quality  into  superior  green.  Except  in  cases  of  this  kind,  where 
there  is  a  direct  fraud  on  the  purchaser  by  giving  the  tea  a 
fictitious  appearance  of  value^  it  seems  doubtful  how  far  the 
facing  of  tea  can  be  considered  an  adulteration^  as  it  does  not  add 
appreciably  to  the  weight  of  the  article^  and  is  not  injurious  to 
health. 

If  a  portion  of  the  tea  be  observed  under  the  microscope  as  an 
opaque  object,  the  nature  of  the  materials  used  in  the  facing  may 
often  be  recognised  at  once.  When  a  faced  tea  is  treated  with 
warm  water,  the  colouring  matters  become  detached,  and  the 
small  portions  rising  to  the  surface  may  be  floated  on  to  a  glass 
slide,  and  at  once  examined  under  a  microscope,  while  the  bulk  of 
the  facing  is  obtained  as  a  sediment  when  the  strained  liquid  is 
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the  nature  of  the  sample.  Adulterations  by  dliceous  and  magnetic 
matter  is  almost  confined  to  caper^  lisy  and  gunpotcder-ieei^,  and 
mixtures  containing  them.  Extraneous  astringents  are  often 
present  in  the  above  classes,  and  occasionally^  fdso,  in  ordinary 
black  tea.  Exhausted  leaves  are  remade  into  caper  and  gun- 
powder, and  are  also  mixed  with  ordinary  tea.  Foreign  leaves 
are  met  with  in  teas  of  all  classes.  Black  tea  is  sometimes  painted 
and  sold  as  gunpowder-tea. 

The  highest  percentage  of  theine  in  gunpowder-tea  as  yet 
recorded  is  6-2 1,  the  lowest  1*9,  but  the  common  descriptions  of 
tea  often  contain  as  much  theine  as  the  finest. 

The  highest  percentage  of  tannin  found  by  Allen  in  mixed 
hyson  and  gunpowder  was  19-2,  the  lowest  by  Bell  in  very  fine 
gunpowder,  10-22. 

The  highest  percentage  of  tannin  found  by  Allen  in  black  tea 
(very  strong  Oolong  congou)  was  15*2;  the  lowest  by  Bell 
(finest  souchong)  9*5. 

The  average  of  5  determinations  of  insoluble  matter  in  black 
tea  gave  Bell  a  percentage  of  5877.  The  highest  percentage  on 
pounded  tea  (Moning  congou)  was,  according  to  Allen^s  experi- 
ments, 53*6,  and  the  average  of  13  experiments  490. 

The  following  percentages  of  ash  have  been  obtained : — ^Average 
of  7  experiments  (Wanklyn),  575  ;  of  9  experiments  (Wilson), 
5*66;  of  24  experiments  (Wionee),  5  "66;  of  20  experiments 
(Allen),  575. 

TSRSA  TAPOnCA.    See  Catechu. 

TZV. — Metallic  tin  is  solid,  malleable,  of  a  white  colour  very 
much  resembling  that  of  silver,  but  with  a  slight  tint  of  yellow, 
and  id  not  sensibly  altered  by  exposure  to  the  air;  it  emits 
a  peculiar  crackling  noise  when  bent,  the  intensity  of  which,  how- 
ever, is  conyiderably  diminished  when  alloyed  with  other  metals. 
It  exhales  a  peculiar  metallic  odour  when  rubbed,  and  melts  at 
442°  Fahr. ;  its  specific  gravity  varies  from  7*29  to  7*6,  and  is  not 
augmented  by  hammering.  The  best  kind  of  tin  is  known  in 
commerce  under  the  name  of  gram-tin ;  that  called  Uock-tin  is 
less  pure.  Tin  is  not  volatilizable  by  heat.  It  is  insoluble  in 
nitric  acid,  by  which,  however,  it  is  converted  into  peroxide  of 
tin,  but  is  readily  dissolved  by  hydrochloric  acid. 

Commercial  tin  is  oft^n  contaminated  by  several  metals  with 
which  it  is  accidentally  or  purposely  mixed,  but  which  render  it 
unfit  for  various  purposes;  hence  the  importance  of  ascertaining 
whether  it  is  pure  or  impure.  According  to  Vauquelin,  when  tin 
has  a  blubh  or  greyish  tinge,  it  is  a  sign  of  the  presence  of  copper ^ 
lead,  iron,  or  antimony. 
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The  be«t  way  of  oscertunjng  tli«  pnritj  of  tin  U  by  rndtlBg  • 
quantitj  in  on  iron  ladle,  and  wlien  mdted  ponrinff  it  cweftiUj 
either  into  aonther  large  iron  ladle,  or  in  a  poicelun  eapmle^ 
tiltiog  it  gentlj  on  one  mde  befins  tlie  metnl  hu  cooled,  in  oidar 
to  obtain  a  bright  and  perfectljramoothiarboOfheB  ftom  ooidaor 
impuritj.  If  the  conTsx  rarhce  of  Oat  natal  iM  ti  n  jnhoQj 
whitfl  colour,  free  from  spot*  or  wrioklM,  It  U  a  riga  ei  jmtj ; 
but  in  the  contrary  case,  or  if  it  hu  a  Unish,  or  grejiih,  at  iMden 
tinge,  presenting  a  sort  of  moM  mMidUqii*,  then  the  abore  metali 
may  be  present. 

If,  honever,  \j  comparing  the  melted  piece  with  nnothor 
sample  of  tin  known  to  be  pore,  it  ii  liatder  and  whiter  than  it 
should  be,  the  proBence  of  arsenic  i*  probable.  Ataenia  con- 
siderably hardens  tin. 

Pure  tin  when  bent  producea  one  aingla  and  strong  eradcling 
noise;  but  if  impure,  the  cradding  ntnie  is  feeble,  and  gires  the 
idea  of  a  tearing  noise,  more  prolonged  than  when  the  metal  in 
pure.  When  this  takes  place,  the  preaence  of  lead  or  of  copper 
may  be  inferred. 

If  a  piece  of  tin,  being  bent  several  timet  backward  and 
forwards,  first  becomes  elongated  before  it  breaka,  and  if  the 
fracture  is  in  points,  and  haa  a  dead-white  colour  and  looka  toft^ 
the  tin  is  pure.     When  lead,  oopptr,  or  iron  are  present,  the  tin  ia 
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Take  about  i^ooo  grains  of  the  sample,  first  reduced  into  small 
bit8  or  granulated  (which  is  easily  done  by  melting  the  tin  and 
triturating  it  in  a  mortar  whilst  cooling),  and  dissolve  them  in 
about  a  pint  of  dilute  hydrochloric  acid ;  the  addition  of  a  few 
drops  of  dilute  nitric  acid  from  time  to  time  accelerates  the  solu- 
tion of  the  tin.  If  the  metal  contain  arsenic,  a  residuum,  in- 
soluble in  hydrochloiic  acid,  will  be  left,  which  is  arsenic  almost 
in  a  pure  state,  and  which  may  be  recognized  as  such  by  the 
aliaceous  odour  which  it  evolves  when  thrown  upon  ignited 
coals.  It  is  necessary  to  employ  only  a  dilute  acid,  in  order  that 
the  metal  may  dissolve  slowly,  for  otherwise  no  arsenic  would  be 
deposited,  for  it  would  be  converted  into  arseniuretted  hydrogen, 
which,  however,  may  be  recognized  as  such  by  Mabsh's  appa- 
ratus. 

The  quantity  of  lead^  of  copper,  or  of  irony  may  be  estimated 
by  treating  lOO  grains  of  the  sample  with  boiling  nitric  acid, 
which  will  dissolve  these  metals,  and  leave  the  tin  in  the  state  of 
peroxide.  The  best  way  is  to  evaporate  the  nitric  acid  solution 
with  the  undissolved  peroxide  of  tin  until  the  excess  of  nitric 
acid  is  mostly  volatalized ;  water  is  then  added,  the  peroxide  of 
tin  is  collected  on  a  filter,  washed,  ignited,  and  weighed ;  each 
grain  of  peroxide  of  tin  thus  obtained  contains  07866  of  tin. 
The  loss,  or  difference,  indicates  of  course  the  other  metals  with 
which  the  tin  was  alloyed. 

If  the  operator  now  wishes  to  ascertain  the  respective 
proportion  of  these  foreign  metals,  he  should  proceed  as  fol- 
lows : — 

The  liquor  which  was  filtered  from  the  peroxide  of  tin  should 
be  treated  by  dilute  sulphuric  acid,  or  by  a  solution  of  sulphate  of 
sodium )  if  this  produce  a  white  precipitate,  it  is  sulphate  of  lead ; 
this  precipitate  should  be  collected  on  a  filter,  washed,  and  then 
ignited  in  a  crucible  and  weighed ;  100  grains  of  sulphate  of  lead 
contain  736  of  oxide  of  lead,  and,  consequently,  68*33  of  metallic 
lead ;  or  each  grain  of  sulphate  of  lead  contains  0*6833  of  lead. 

After  having  eliminated  the  lead  in  the  state  of  sulphate  of 
lead,  and  if  only  iron  is  present,  it  may  be  determined  as  peroxide 
of  iron  by  means  of  caustic  ammonia ;  bat  if  copper  be  present  at 
the  same  time,  it  is  better  (provided  no  other  oxides  which  can 
be  precipitated  by  sulphuretted  hydrogen  from  an  acid  solution 
are  present)  to  pass  a  stream  of  that  gas  slowly  through  the 
filtered  acid  liquor  until  it  smells  strongly  of  the  gas.  The  black 
precipitate  produced  is  sulphide  of  copper,  and  must  be  rapidly 
collected  on  a  filter  and  washed  without  interruption  with  water 
containing  a  little  eulphuretted  hydrogen.   After  washing  the  pre« 
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eipitaled  sulpliide  of  copper,  it  ihonld  ba  dried,  Mpanled  from 
the  filter  aa  cleanlv  oa  po^ble,  aod  put  into  a  fluk.  Tba  fillBr, 
n-Lich  rutaim  a  little  ealphide  of  cappa,  mmt  now  te  bnnit 
upon  the  coier  of  h  crucible,  and  the  aahca  added  to  tlie  anlpliids 
Id  the  flask.  Nitric  acid,  or  aqua  ngia,  ■■  tfaen  poorad  npoa  tha 
vhole,  irhich  ia  left  to  digest  theicui  until  tha  anlphnr  lifaanted 
has  acquired  a  pure  rellow  colour.  Ilia  anlplmr  ia  npanted  hj 
filteriog,  Hud  the  copper  ia  predpitated  bj  ponriog  a  MilatioD  ot 
p'ltoah  into  the  tillered  liquor  as  long  aa  a  pceciintata  if  pradocad. 
The  whiile  ia  then  builed ;  the  oxide  of  copper  tlina  prodnced  ia 
coUecIed  en  a  filter,  waahed  with  hot  water,  ignited  with  the  filtcx 
in  a  platinum  crucible,  and  weighed  aa  toon  aa  cold  in  tfaecnuiUs, 
which  should  be  kept  csrefullj  corered,  aa  otherwiae  the  oxide  of 
copper  would  absorb  moiature,  which  would  thna  inereaaa  (&• 
weight  Each  grain  of  oxide  of  copper  containa  0*7957  of  copper. 
Tin  may  be  obtained  iu  the  pme  etaie  bj  diaaolnng  com- 
mercial tin  in  hydrochloric  acid,  ao  aa  to  obtain  a  concentnted 
solution  ;  and  when  the  solution  baa  cooled,  water  ia  to  be  care- 
fully poured  upon  it,  ao  that  the  water  may  tbrm  a  diatinct  layer 
above  the  tin  eolution.  A  blade  of  tin  ia  then  plunged  thioDgh  tha 
liquor  down  to  the  bottom,  and  in  the  coutm  of  a  few  bouts  tlw 
blade  becomes  covtred  with  exceedingly  fine  cryatala  of  tin.    This 
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evaporated,  in  order  to  expel  the  excess  of  acid^  is  then  diluted 
with  a  sufHcient  quantity  of  water  and  filtered;  sulphuretted 
hydrogen  is  passed  through  the  liquor  until  it  smells  strongly  of 
the  gas,  which  will  precipitate  the  tin  in  the  state  of  sulphide  of 
tin.  The  precipitated  sulphide  of  tin  is  then  somewhat  dried, 
put  into  an  open  platinum  crucihle,  and  gradually  roasted  therein, 
until  it  ceases  to  evolve  any  odour  of  sulphurous  acid  (huming 
sulphur)  ;  the  heat  may  then  be  increased  to  a  good  red.  That 
which  remains  in  the  crucible  is  peroxide  of  tin,  which  should  be 
white ;  it  is  then  weighed.  A  small  piece  of  carbonate  of  ammo- 
nium should  be  placed  upon  the  peroxide  of  tin  in  the  platinum 
crucible,  and  the  whole  again  strongly  ignited.  This  must  be 
repeated  as  long  as  the  loss  of  weight  is  observed.  The  carbonate 
of  ammonium  is  employed  for  the  purpose  of  expelling  the  last 
tracijs  of  sulphuric  acid,  produced  by  the  roasting,  which  the  per- 
oxide of  tin  might  retain. 

If  the  operator  wishes  to  isolate  the  iron,  and  to  determine  its 
quantity,  the  filtered  liquor  should  be  heated  until  all  odour  of 
sulphuretted  hydrogen  has  vanished;  some  nitric  acid  is  then 
added,  and  the  liquor  is  boihd,  in  order  to  peroxidize  the  iron, 
which  may  then  be  precipitated  by  ammonia,  collected  on  a  filter, 
washed,  dried,  ignited,  and  weighed.  Each  grain  of  peroxide  of 
iron  contains  070  grain  of  metallic  iron. 

TTKKJLJb.     See  BoRAX. 

TOMBAC.      See  GERMAN  SiLVER. 

Tinti8rBir&&*8  b&ub.    See  Prussian  Blue* 

TVTBlSrAG.     See  GERMAN  SiLVER. 

VBBDZG&Z8.     See  CoPPER. 

VBBDZTSB.     See  CoPPER. 

VZSlMZJ«ZOXr    (Cinnabar,    Solpbnret    of   Mercury). — 

I.  Cinnabar  and  vennilion  are  the  same  substance;  that  is,  a 
combination  of  sulphur  and  of  mercury.  Cinnabar  is  in  lumps  or 
amorphous  masses  of  variable  size,  of  a  reddish-purple  colour,  and 
consisting  of  an  agglomeration  of  needles,  parallel  to  each  other. 
The  specific  gravity  of  cinnabar  is  io'2i8.  When  cinnabar  is 
pulverized,  it  forms  the  beautiful  red  pigment  called  vermilion. 

2.  Vermilion  is  often  fraudulently  mixed  with  red  lead,  per* 
oxide  of  iron,  brick-dust,  and  with  sulphide  of  arsenic. 

3.  The  presence  of  red  lead,  perojcide  of  iron,  and  of  brick-dust, 
is  easily  detected,  because  vermilion  being  volatilizable  by  heat,  it 
is  sufiicient  to  pour  a  small  portion  of  the  vermilion  under 
examination  into  a  well-scoured  iron-^oon,  and  to  heat  it ;  the 
vermilion  soon  evaporates,  whilst  the  red  lead,  brick-dust,  and 
peroxide  of  iron,  not  being  volatile,  are  left  behind.    The  dif- 
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fi-rence  of  noight,  before  and  ftTttr  tlie  ezperimeDt,  indicateB  ftt 
oiire  the  nmnuiil  of  fraud. 

4.  If  eiilpliuh  iif  arsenic  ie  present,  it  tn».j  be  detected  by 
tbrowiiig  ft  littln  of  the  venuilioa  under  eiaminatioii  upon  ig- 
uitt>d  thnn'oal,  wboo  tbe  chatacteiistic  odour  of  gnrlic,  in<£cnting 
arneiiii',  becouies  perceptible.  Tbe  odour  of  garlic  is  developed 
better  lir  uiixiug  h  little  of  the  vermtjion  with  carbcHiBte  of  so- 
dium, ntid  htatiii^  the  mixture  before  b  btow-pipe  upon  charcoal. 
Tile  pi^sence  of  Mul)ibide  of  arsenic  may  alao  be  detected  by  boil- 
ing' a  portion  of  the  vermilion  in  caustic  potash  and  filtering, 
aupTsaturatiug  the  tiltrate  tvith  nitric  acid,  niid  then  passing  a 
alow  oiim'DC  of  .'sulphuretted  hydrogen  through  tbe  solution, 
which  will  procipitute  the  araenic  in  tbe  stato  of  yellow  sulphide 
of  Mi-enic, 

;.  After  having-  ni^certiuned  the  presence  of  arsenic,  as  above 
snitt,  itd  rjUHUlitv  umy  be  determined  in  tbe  following  manner ; — 
Tiike  a  jiivun  weijihl  of  the  Termilion  in  very  fine  powder,  put  it 
into  a  UubIc,  and  treat  it  therein  with  aqun  regis  until  the  sulphur, 
whidi  separates,  bns  at.irloineratt.'d  into  yellow  lumps,  of  a  perfect 
yt'llowciiluur ;  fre.sh  portions  of  aqua  regis  being  added  from  time 
to  tijuc  in  order  to  iniiure  complete  decomposition.  The  solution 
is  tilti'rud  and  supei'snlu rated  nilh  ammonia  ;  an  excess  of  bjdro- 
•ulphuret  of  artiniuuiu  id  then  added,  the  Hask  is  loosely  corked 
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black  precipitate  of  sulphide  of  lead  produced  in  the  acetic  acid- 
solution^  as  above  metionedy  fi  treated  with  the  filter  by  hydro- 
chloric acid,  which  produces  a  disengagement  of  sulphuretted 
hydrogen.  Nitric  acid  is  then  added,  and  the  whole  is  evaporated 
to  dryness ;  sulphuric  acid  is  now  poured  with  care  on  the  dry 
mass,  the  excess  of  sulphuric  acid  is  eliminated  by  heat,  and  the 
remaining  sulphate  of  lead  is  weighed.  152  grains  of  sulphate  of 
lead  «  104  of  lead,  or  344  grains  of  red  lead. 

vnrBGAR  (Aoetlo  Aoidy  Pyroll|^eoiM  Acid). — Vinegar 
is  the  name  given  to  dilute  acetic  acid,  the  strength,  flavour,  and 
composition  of  which  varies  according  to  the  sources  from  which 
it  has  been  produced.  The  best  vinegar  is  that  which  is  obtained 
from  wine,  by  exposing  it  to  the  action  of  the  air,  at  a  proper 
temperature.  In  this  country  vinegar  is  made  from  beer,  or  from 
a  wort  prepared  for  the  purpose ;  but  cider,  perry,  and  a  great 
number  of  alcoholic  or  saccharine  liquors,  can  be  converted  into 
vinegar.  124  parts  of  sugar,  80  parts  of  yeast,  and  868  parts  of 
watei^  exposed  to  the  air  for  about  a  month,  yield  vinegar  of  a 
good  quality.  Vinegar  is  extensively  manufactured  also  from 
the  destructive  distillation  of  wood,  and  is  known  under  the  name 
of  pyroligneous  acid. 

Pure  acetic  acid  is  solid  up  to  a  temperature  of  62*6°  Fahr. 
At  that  temperature  it  melts  into  a  colourless  liquid  of  specific 
gravity  i  '063 ;  it  has  a  peculiar  characteristic  odour,  and  ic(  as 
corrosive  as  the  most  powerful  mineral  acids.  Acetic  acid  is 
soluble  in  water  in  all  proportions ;  it  boils  at  248°  Fahr. ;  its 
vapour  is  inflammable,  and  bums  with  a  blue  flame.  The  density 
of  acetic  acid  is  augmented  by  diluting  it  with  water.  Acetic 
acid,  which  contains  only  i  equivalent  of  water,  has  a  density  of 
I  -063 ;  by  diluting  it  with  about  30  per  cent  of  water  its  density 
becomes  1079,  which  is  its  maximum  gravity;  if  diluted  with 
more  water,  its  specific  gravity  is  the  same  as  when  it  contains 
only  I  equivalent  of  water,  as  shown  in  the  following  Table  by 

M.  MOLLERAT : — 

Bpecmc  Gravity.  "^"g^xSLS^SiSr"- 

1-0630        .       X    .  .  .  .CO 

1*0742 lO'O 

1*0770 22'S 

I  0791 32*5 

1*0763 43-0 

1*0742  .   .   .   .   .  ss'o 

1*0728 66*5 

1-0558 97*5 

1*0637 io8*5 

1*0630  •   •   •   •   •  112*2 
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Tli'i-s  Ta},]i-  sliowj  that  the  strength  of  ncetic  add  cannot  be 

^'iIv■3!l^  is  I  f;i-ii  K'lult'.-niled  in  vftrious  wajs;  namelr,  by  dilu- 
tinn  wiili  ivBt^r,  fir  wiih  vinegar  of  inferior  quality,  or  by  an 
iiiiilitii>ii  iif  pyriliu-j^  iLi^  ncid  or  of  Milphuric  acid.  Its  pungenor 
is  iiftf-n  iiieri,-rt'-"l  by  maceration  with  acrid  substances,  such  as 
cliil]i>-i<  or  cayi-nj;i~p'p]v.T,  lon^-pepper,  mustard-seed,  ic. ;  it  ia 
a1»o  itiix'-U  ■'ixiii'tini-.i  wiih  metallic  salts,  common  salt,  &c. 

Tlie  only  acc^irnle  method  of  determining  the  quantity  of  acid 
ciiutnintd  in  vin'-p-ar  i-i;  by  ascertaining  the  quaiility  of  dry  car- 
b'ljiiiit'  "f  .-."liuni  which  may  be  required  to  saturate  it. 

P^.f..-'■l^  SiirnLiiu.v  saya  that  icx)  parts  of  viopgar  of  good 
quality  I  French  vin^j-ar,  vinnigre  d'Orleans)  are  saturated  by  10 
parts  ..f  dry  oiirh'.tuit*'  r^f  potassium. 

A  tPst-liqii.T  fiir  ihi>  purpoie  may  be  made  by  dijaolving  540 
prains  of  dry  cnrh.Tn.-ile  of  sodium  in  io.ocx>  grain-measuri's  of 
wntLT.  1,000  [T^in-nn.flsures  fioo  alkali  metrical  divisions)  of 
such  n  liquiir  are  then  taken  and  poured  gradually  from  an  alkali- 
nu-HT-tube  into  a  ^.-ivon  measure  (1  fluid  ounce  for  example)  of 
thp  vini'^fMr  under  esamination,  until  its  acid  i!<  satumtcd.  loo 
divisions  f  1.000  grnin-nH-asurpa}  of  such  a  test-liquor  ^aturata 
exactly  51  orains  of  pure  anhydrous  acetic  acid  :  I  ounce  of  pood 
vin'.'gnr  i^houUI  rLvjuirt;  from  58  to  60  divi^ona  ('580  to  600  grain- 
■"'        '  "     ion  of  c 
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solution,  contdning  exactly  i  equivalent  of  ammonia,  neutralize 
consequently  i  equivalent  of  acetic  acid^  that  is,  51  grains  of 
the  anhydrous,  or  60  of  the  monohydrated  acid.  The  test- 
ammonia  can  always  be  easily  kept  at  the  proper  strength  by 
two  hydrostatic  glass  beads,  made,  the  one  to  float,  the  other  to 
sink  in  the  ammonia  liquor  of  the  proper  gravity  as  above  said. 
If,  then,  a  portion  of  such  a  test-liquor  of  ammonia  be  added  to 
the  slightly  reddened  vinegar  until  the  colour  is  neutralized,  the 
number  of  grain-measures  employed  being  multiplied  by  51  or  60, 
will  give  a  product  which  indicates  the  percentage  of  either  real 
anhydrous  orhydrated  acid  in  the  vinegar  operated  upon. 

It  is  evident  that,  in  the  above  acidimetrical  process,  account 
must  be  taken  of  any  mineral  acid  which  may  have  been,  and  is 
generally  added  to  vinegar,  and  the  presence  and  amount  of  which 
must,  of  course,  be  determined. 

Detection  of  Sulphuric  Acid  in  Vinegar,  —  Take  a  known 
quantity  of  the  vinegar  under  examination — 8  fluid  ounces,  for 
example — and  evaporate  it  in  a  steam-  or  water-bath  to  about  one- 
eighth  of  its  bulk,  allowing  the  capsule  to  cool,  and  add  5  to  6 
times  its  bulk  of  alcohol,  the  whole  being  well  stirred  with  a  glass 
rod.  The  liquor  should  then  be  filtered  in  order  to  separate  the 
insoluble  sulphates ;  and  solution  of  chloride  of  barium  being  then 
added  to  the  filtered  liquor,  a  precipitate  of  sulphate  of  barium 
will  be  produced  if  sulphuric  acid  is  present.  The  precipitated 
sulphate  of  barium  should  be  drenched  with  nitric  acid,  filtered, 
washed,  dried,  slightly  ignited,  and  weighed.  117  grains  of 
sulphate  of  baryta  represent  40  of  anhydrous  sulphuric  acid ;  or, 
each  grain  of  sulphate  of  barium  contains  0*34372  of  sulphuric 
acid. 

For  less  accurate  purposes  the  operator  may  dispense  with 
evaporating  the  vinegar,  and  treating  it  with  alcohol,  and  may 
at  once  estimate  the  sulphuric  acid  by  pouring  chloride  of  barium 
in  a  known  quantity  of  the  vinegar  until  a  precipitate  ceases 
to  be  produced.  The  precipitate  is  then  treated  as  above  de- 
scribed. 

Detection  of  PyroUgneous  Add  in  Vinegar. — This  adulteration 
is  very  common,  and  may  always  be  recognized  by  the  empyreu- 
matic  smell  and  taste,  which  is  very  characteristic,  but  which  is 
not  otherwise  detrimental. 

Detection  of  An^d  Siibstmwes  in  Vinegar, — Pepper,  capsicum, 
or  chillies,  mustard-seed,  and  other  acrid  substances,  are  some- 
times added  to  vinegar  for  the  purpose  of  simulating  strength. 
The  presence  of  these  substances  may  be  detected  by  saturating 
the  acid  with  an  alkali.    The  acidity  of  the  vinegar  being  thus 
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deotrojed,  the  acrid  taste  of  Ut»  mibttMUCM  Brnplojad  kQI  dun 
become  percpptiblo. 

Delfcfion  of  Metallic  SaUt  m  Vrntj/ar,— The  Mlts  aeeamaatltj 
met  with  in  vinegni  are  priodpallj  thoM  d  copper,  of  leed,  ot 
cine,  and  are  generallj  referable  to  the  ntenaiU  employed  iD  tiM 
manufacture  of  that  acid.  The  piseence  of  lead  ia  detected  bf 
teatintr  the  rinepw  with  iodide  of  potMBnm,  or  with  chiotnatil 
of  potasaium.  hoth  of  which  prodnee  S  yellow  predpitBta.  Hw 
yellow  precipitate  produced  by  the  fint  of  these  resftenta  is 
Boluhle  in  h(it  n-ater,  and  Ukewjae  in  a  larfre  exceia  of  the  reagottt ; 
that  produced  hj  chromate  of  potaanum  is  soluble  io  a  aolntioii  of 
pure  potash,  aud  if  digested  with  ammonia  it  becomes  of  n  reddiah 
or  oranpe-red  colour.  In  unnir  this  last  niagent  it  should  ha 
applied  Id  a  dilute  state.  If  lead  is  present  a  currmt  of  anlphn*  ' 
retted  hydrojren  will  produce  a  black  preciptate. 

If  copper  is  preseut  sulphuretted  hydroiren  will  alao  produce  a 
black  precipitate,  but  in  that  caae  a  portion  of  tiie  Tinegar  firat 
decolorized  by  animal  charcoal  will  be  rendered  bine  by  ammonia, 
and  brown  or  ciimsou  by  feiTooyanide  of  potaaaium. 

The  presence  of  dnc  may  be  detected  by  meana  of  ferroey^ 

nide  of  pntasfiium,  which  will  produce  a  precipitate.    But  tha 

mo»t  cfaaracteriHtic  way  of  detecting  the  presence  of  thia  metal 

coneints  in  neutralizing  the  Tinegar  with  ammonia,  filteriiifr,  and 

iting-  the  clear  ammonical  and  colourless  filtrate  with  hydro- 
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These  results  may^  to  a  certain  extent,  serve  to  indicate 
whether  the  wine- vinegar  under  examination  is  genuine  or  spurious, 
since  the  quantity  of  extract  obtained  from  spurious  vinegar 
is  always  much  more  considerable.  Wine-vinegar  yields  less 
extract  than  all  other  vinegars;  and,  moreover,  if  its  extract 
be  treated  with  alcohol,  it  will  almost  entirely  redissolve 
and  leave  a  residuum  of  tartar,  whilst  the  vinegar  made  from 
glucose,  or  sugar  of  starch,  leaves  after  evaporation  a  residuum 
which  is  only  sparingly  soluble  in  alcohol,  and  remains  soft  and 
glutinous. 

Vinegar  made  from  Beery  Cyder,  or  Perry, — Vinegar  made 
from  beer,  cyder,  or  perry,  may  be  distinguished  from  wine- 
vinegar,  because  they  contain  no  tartar,  and  their  saturating  power 
is  much  inferior  to  that  made  from  wine  (after  deducting  the  sul- 
phuric or  other  acids  which  they  may  contain)  ;  so  that  whilst  two 
parts  of  good  wine-vinegar  require  10  parts  of  carbonate  of  sodium, 
the  same  quantity  of  cyder-vinegar  and  of  beer-vinegar  require, 
the  firrtt  3*5,  the  second  2*5  parts  of  carbonate  of  sodium. 

The  density  of  the  best  white  wine-vinegar  is  about  from 
I '020  to  1*025,  t^^^  ^^  beer-vinegar  is  3*20,  and  of  cyder-vinegar 
about  2'o. 

Beer-vinegar  yields  by  evaporation  6  per  cent.,  and  cyder- 
vinegar  1*5  per  cent,  of  extract;  the  latter  has  an  odour  of  baked 
apples,  the  former  has  an  acid  and  slightly  bitter  flavour. 

VZTKS0178  COPPBR.     See  CoPPER. 

VZTRZO&.      See  SULPHURIC  ACID. 

VZTKZO&  (B&UB).     See  CoPPER. 

vmtzoxi  (KonsAxr).    See  Copper. 

VZTRZO&ZC  ACZD.      See  SULPHURIC  AciD. 

VOZiATZZiS  A&KA&Z.     See  AMMONIA. 

^XTATBK. — For  certain  technical  and  for  analytical  purposes 
chemically  pure  water  is  absolutely  requihite,  and  may  be  ob- 
tained in  that  state  by  distillation  (see  Glossary),  by  which  opera- 
tion it  18  separated  from  the  foreign  substances  which  it  may 
hold  in  solution,  some  of  which  are  of  a  volatile  nature,  such  as 
carbonic  acid,  oxygen,  nitrogen,  ammonia,  nitrate  and  carbonate 
of  ammonium.  The  others  are  fixed,  such  as  salts  of  potassium,  of 
sodium,  calcium,  magnesium,  aluminum. 

In  order  to  obtain  pure  water,  the  distillation  should  be  stopped 
when  the  salts  which  were  held  in  solution  begin  to  deposit,  for 
if  the  process  be  continued,  part  of  these  salts  might  undei^o 
decomposition  and  contaminate  the  distillate. 

The  characteristics  of  pure  water  are,  that  it  must  not  produce 
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Sboob,  Are.  on  the  Ci>atment— always,  or  jreneiiillT,  contain  a  cer- 
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To  be  fit  for  use  as  an  ordinary  beverage  and  culiDarj  pu> 
poses,  water  should  be  perfectly  sweet,  limpid,  and  clear ;  it  should 
readily  lather  with  soap ;  when  evaporated  to  dryness,  it  should 
leave  only  a  small  residuum,  and  remain  for  a  long  time  trans- 
parent whilst  boiling ;  it  is  only  when  reduced  to  a  very  small 
bulk  by  evaporation,  that  it  should  begin  to  become  turbid ;  and  if 
an  alcoholic  solution  of  soap  be  poured  into  it,  a  small  portion  of  the 
soap  only  should  be  curded.     Such  water  is  then  called  soft  water. 

Hard  water,  on  the  contrary,  holding  in  solution  a  large  pro- 
portion of  certain  salts,  is  not  so  well  adapted  for  cooking  and 
washing,  because  the  soap  is  thereby  converted  on  the  surface  into 
an  insoluble  margarate,  stearate,  and  oleate  of  calcium,  and  the 
small  quantity  abraded  by  friction  forms  a  curdy,  insoluble 
precipitate. 

Spring-water  belongs  to  the  latter  class.  Some  spring-waters 
contain  a  large  quantity  of  sulphate  of  calcium,  and  consequently 
afford  a  corresponding  abundant  precipitate  when  treated  by  oxa-* 
late  of  ammonium,  which  precipitate  is  oxalate  of  calcium ;  and 
by  chloride  of  barium,  which  precipitates  the  sulphuric  acid  as 
sulphate  of  barium. 

Water  which  contains  sulphate  of  calcium  can  be  rendered  fit 
for  domestic  purposes  by  the  addition  of  a  quantity  of  carbonate 
of  sodium  sufficient  to  decompose  the  sulphate  of  calcium,  the  re- 
sults being  sulphate  of  sodium  which  remains  in  solution  and 
carbonate  of  calcium  which  is  precipitated.  Many  kinds  of 
spring- water  owe  their  hardness  to  the  presence  of  a  quantity  of 
carbonate  of  calcium  held  in  solution  by  an  excess  of  carbonic 
acid ;  such  waters  may  be  rendered  fit  for  domestic  use  by  boiling, 
by  which  the  excess  of  carbonic  acid  is  expelled  and  carbonate  of 
calcium  precipitated.  The  same  result  is  obtained  by  pouring 
into  such  water  a  sufficient  quantity  of  lime-water  to  saturate  the 
excess  of  free  carbonic  acid ;  a  neutral  carbonate  of  calcium  is 
thus  produced,  whilst  that  which  existed  in  the  solution  being  at 
the  same  time  reduced  to  neutral  carbonate,  is  also  precipitated. 

Kiver-water,  when  not  contaminated  by  the  discharge  of  the 
contents  of  sewers,  is  more  pure  than  spring- water ;  it  contains 
the  same  salts  as  spring-water,  but  in  less  proportion,  and  the 
quantity  of  carbonic  acid  is  also  less  in  river-  than  in  spring- water. 

Well-water  is  generally  harder  than  spring-water,  and  is  con- 
sequently not  so  well  adapted  for  cooking  or  washing,  unless 
treated  as  above  mentioned. 

K  the  water  contains  carbonate,  sulphate,  or  some  other  salt 
of  iron  in  solution,  tincture  of  galls,  or  solution  of  ferrocyanide 
of  potassium  are  the  reagents  usually  employed  to  detect  it.   The 
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first  will  produce  in  the  liqiud  a  purple-black  (ink)  colour  or 
tiD);e;  the  t^ccond  will  produce  a  bluieb-wbite  colour,  gndnallj 
beeoiiiinp  blue. 

If  lend  be  present,  sulphuretted  bjdrogen  will  produce  a  black 
precipitate,  or  oniv  b  browniah  tinge,  if  only  a  trace  ba  preaent. 
Most  niftnla  cnn  be  detected  in  water  by  tbia  reagent;  if  the 
water  'u  pure,  a  sligbt  uiilkineBS  only  will  b«  produced  by  it. 

SeH-wHter  is  bitter,  salted,  and  has  a  nauseous  taste ;  it  is  alto- 
gether nntit  for  driiikin-r.  Its  analysis,  by  several  chemistji,  yielded 
the  following-  results; — 


AUaaUo  Ocean 

^-    >-™' 

ud 
Togel 

M.™ 

Lagnngel 

and      1  LaoreU 

Carbonic  aeia      .       . 
Chiorido  of  sodium       . 

nil.'ium     . 

Corbonatf  ofuildunil 

and  of  aifl^iiisiam  J 

Cblori.le  uf  cakiuQl      . 

Grains  Grains 
B-771    5*IS4 

ro39    -■■ 

:::   \-m 

Litre 
oay. 

=6-646 

mi 
0-150 

Grains 
4-S6 

07a 
3-50 

Liln. 

36-646 

6-99' 
o-tjo 
0-150 

Lit™ 

7-oao 
0-150 
o-aoo 

^1 

WATEB. 


391 


English  Channel 

Mediterranean 

Water        .        .        ,        . 

Chloride  of  sodium     . 
„         potassium 
f,         magnesium 

Bromide  of  magnesium 

Sulpliate  of  magnejdum 
„         lime. 

Carbonate  of  calcium 

964*74372 
27*05948 
0*76552 
366658 
0*02929 
2*29578 
1*40662 

0*03301 

959-26 
27*22 

O'OI 

6-14 

7 '02 

and     ) 
magnesium  J  ®  20 

lOOO'OOOOO 

lOOO'OO 

ammonia,  free  from  carbonic  acid ;  they  should  then  be  filled  with 
the  water  poured  quietly  in,  to  prevent  any  loss  of  carbonic  add 
from  splashing  y  all  the  carbouic  acid  contained  in  the  water  will 
thus  be  precipitated  in  the  form  of  carbonate  of  calcium.  The 
precipitates  in  the  different  bottles,  which  should  be  nearly  alike 
in  quantity,  are  collected  on  a  filter,  dried  at  212%  and  weighed. 
They  are  tlien  mixed  together,  and  analysed  by  Fkbsenius'  and 
Wills'  method;  the  result  shows  the  total  amount  of  carbonic 
acid  in  the  united  volumes  of  the  several  bottles  of  water. 

Determination  of  tJte  Total  Amotmt  of  Solid  Ingredients, — A 
quantity  of  the  water  (varying  from  1,000  to  10,000  grains)  is 
carefully  evaporated  to  dryness  in  a  platinum  capsule  on  the  water- 
bath,  the  residue  is  dried  at  various  temperatures,  and  the  weight 
taken  when  no  further  diminution  is  perceptible.  If  the  water 
contain  any  comtiderable  amount  of  earthy  chlorides,  a  very  exact 
result  cannot  in  this  manner  be  obtained  regarding  the  amount  of 
the  solid  contents,  for  the  earthy  chlorides  retain  a  small  proportion 
of  water  at  212°,  while,  at  a  higher  temperature,  some  hydrochloric 
acid  may  be  set  free.  The  best  method,  therefore,  is  to  evaporate 
the  water  with  the  addition  of  a  known  quantity  of  pure  anhydrous 
carbonate  of  sodium  sufiicient  to  decompose  the  earthy  chlorides 
and  sulphates.  This  method  of  evaporating  with  carbonate  of 
sodium  is  advantageous,  moreover,  as  preventing  the  formation  of 
sulphate  of  calcium,  which  is  a  troublesome  ingredient,  inasmuch 
as  it  adheres  closely  to  the  evaporating  vessel,  is  not  readily 
soluble  in  dilute  hydrochloric  acid,  and  very  sparingly  soluble  in 
water. 

Estimation  of  the  Sulphuric  Acid, — ^Ten  thousand  grains  (more 
or  less,  according  as  the  preliminary  experiment  has  indicated  a 
greater  or  less  amount  of  sulphuric  acid)  are  acidified  with  hydro- 
chloric acid,  and  precipitated  at  a  boiling  temperature  by  chloride 
of  barium;  the  precipitate  is  allowed  to  settle,  then  collected 


on  a  filter,  -n-a-'bcJ,  dried,  ignited,  weighed,  imd  the  smoant  of  mil- 
phuric  ncid  calculnttd  i_ioo  sulphnte  of  barium  -  3434  sulphuric 
iK-id). 

EttimnHon  of  the  Chlortne. — Two  thousaad  or  three  thooMUid 
trrnius  of  tbu  \vut('r,  acrurdbg  to  the  quantity  of  chlorine  supposed 
to  be  presi-ut,  nm  acidltied  with  nitric  acid,  the  chlorine  precipi- 
tated with  uilrale  of  silver  (100  chloride  of  River  =  2474 
chlorine ). 

Shuuld  tlie  water  contiiin  orgnnic  matter  it  ehouM  be  f^eed 
from  it  before  e^llmntinjr  the  chlorine,  or  it  would  he  partlj  pre- 
eipitiiled,  tiiL-i'tber  with  the  Eilver-Milt,  thereby  iDCreaaing  its 
wei;'ht;  with  lliis  view  it  should  be  evaporated  with  carbonate  of 
sodium  (pri'ectly  free  from  chloride  of  sodium),  the  liquid  filtered 
from  the  eartby  curbonnte  precipitated,  evaporated  to  dryneu,  the 
ret^idiie  fu^ed,  rt'ilis.<olved  in  water,  oitric  acid  added,  aod  then 
yrecipitaled  with  (litnite  of  silver. 

M'timnlina  uf  the  total  amount  of  Lime  and  JUagntnia,  SSicie 
Acid,  and  O.ritle  nf  Irun. — From  1,000  to  10,000  gnuns  of  the 
water  are  Mi'iililltd  with  nitric  acid,  and  evaporated  to  dryness  atK 
heat  beli>w  ebulliliiin.  The  perfectly  dry  residue  is  digested  with 
dilute  hydrochloric  acid;  the  silicic  acid  remains  undissolved, 
haviii<;,  by  the  evaporation,  been  reduced  to  ils  insoluble  condition. 
It  is  separated  by  liltration,  washed,  dried,  ignited,  and  weighed. 
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Estimation  of  the  Lime  mid  Magneda  in  the  FUtrate  from  the 
precipitate  produced  by  boiling, — They  are  determined  as  above,  the 
lime  being  first  precipitated  by  oxalate  of  ammonium,  and  the 
magnesia  subsequently  by  phosphate  of  sodium;  it  may  be 
necessary  preyiously  to  concentrate  the  water  by  evaporation. 
The  joint  amounts  of  the  oxide  of  iron,  lime,  and  magnesia, 
obtained  from  the  precipitate  by  boiling,  and  from  the  filtrate, 
ought  to  correspond  with  the  total  quantity  of  these  substances 
found  by  the  previous  experiment 

Estimation  of  the  Alkalies, — About  io,ocx>  grains  of  the  water 
are  evaporated  to  about  one  half,  then  mixed  with  excess  of 
baryta  water,  filtered,  carbonate  of  ammonium  added,  again 
filtered,  and  the  filtrate  evaporated  to  dryness  and  ignited.  The 
residue  contains  the  alkalies,  which  are  converted  into  chlorides 
by  the  addition  of  slight  excess  of  hydrochloric  acid,  and  after 
gentle  ignition  carefully  weighed;  the  mixed  chlorides  are 
dissolved  in  a  small  quantity  of  water,  and  treated  with  excess  of 
an  aqueous  solution  of  chloride  of  platinum ;  the  solution,  which 
should  have  a  yellow  colour,  is  evaporated  to  dryness  over  the 
water-bath,  and  the  dry  mass  is  treated  with  a  mixture  of  ether 
and  alcohol ;  the  crystalline  residue,  which  is  the  double  chloride 
of  platinum  and  potassium,  is  collected  on  a  filter  which  has  been 
previously  dried  in  the  water-bath  and  accurately  weighed ;  it  is 
here  washed  vnth  alcohol  and  ether  till  the  whole  of  the  excess  of 
chloride  of  platinum  is  removed;  it  is  then  dried  at  212^,  snd 
weighed;  it  contains  16  per  cent,  of  potassium  a  30'56  of 
chloride.  The  amount  of  sodium  is  calculated  from  the  difference 
between  the  quantity  of  chloride  of  potassium  found  and  the 
original  weight  />f  the  mixed  chloride  of  potassium  and  sodium 
analysed. 

Determination  of  the  Degree  of  Hardness  of  a  Natural  Water 
(ClaIie's  process). — By  the  term  hardness,  as  applied  to  a  water, 
is  understood  that  property  which  it  possesses  of  decomposing 
soap  and  of  forming  therewith  an  insoluble  compound.  All 
natural  waters  possess  this  property  in  a  greater  or  less  degree,  bat 
practically  the  hardening  constituents  are  the  eaithy  salts,  viz. 
the  carbonates  of  calcium  and  magnesium,  chlorides  of  calcium 
and  magnesium,  sulphate  and  nitrate  of  calcium,  and  sulphate  of 
magnesium;  the  alkaline  salts  are  almost  vnthout  any  effect 
Waters  which  have  their  origin  in  chalky  soils,  where  the  water 
charged  with  carbonic  acid  percolates  through  the  soil,  and  readily 
takes  up  some  of  those  salts,  which  are  otherwise  nearly  insoluble, 
are  nearly  always  very  hsurd ;  and  it  is  important,  therefore,  to 
ascertain  how  this  hardness  may  be  removed,  or  at  any  rate 
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lessened,  i 
hardneu  oi 

msuent  If  the  ool  j  esith  j  Mlta  it  i't*?'*"  are  die  eaibonataa  of 
calcium,  or  of  raagneeium,  or  both,  tht^  m^  be  nnioTad-  bf 
simplj  boilinf^ ;  but  if  the  water  contdn  aalemm  and  wn^iw'iiw 
only  in  the  forms  of  nitratee,  anlpbatei,  and  cHlniidei,  itcuDot be 
improved  bj  mere  boiling,  and  ite  hanlniiia  ia  Teij  ^mtrmlt  to 
remove.  If  the  water  contain  earthy  aalta  ia  titt  fiwim  of 
carbotiata,  lulphata,  nitrattg,  and  Meridm,  then  it  will  bare  iti 
h&rdneSB  lessened  by  boiling, -pteciselj  in piopoction  to  theqnantitf 
of  earthy  carbonatra  which  it  containa. 

We  are  indebted  to  Dr.  Cluix  for  a  reiy  draple  method  of 
determining  the  degree  of  hardueM  of  a  water.  It  conmsta  in 
fiscertaining-  the  quantity  of  a  standard  aolntion  of  soap  in  ^rit 
Te4]uired  to  produce  a  permanent  lather  witb  a  given  qnanti^  of 
the  water  under  examination;  the  lesnlt  being  expressed  in  . 
def^rees  of  hardness,  each  of  which  cOTreaponda  to  one  gi^n  of 
carbonate  of  calcium  in  a  gallon  (  -  70,000  graina  of  diatiUed 
water)  of  the  water.  From  the  apedfication  of  his  patent  (ennllel 
September  S,  1851},  we  gather  the  following  particnUra : — 

(a.)  Preparation  of  the  Soap-UA. — Sixteen  grains  of  pnn 
Iceland  spar  (carbonate  of  calcium)  are  diseolTed  (taking  care  to 
avoid  loss)  in  pure  hydrochloric  acid ;  the  solution  is  evaporated  to 
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doubt  as  to  the  strength  of  the  soap  solution,  and  then  a  large 
quantity  of  the  test  may  be  prepared;  for  which  purpose  Dr. 
Clare  recommends  to  scrape  off  the  soap  into  shavings,  by  a 
straight  sharp  edge  of  glass,  and  to  dissolve  it  by  heat  in  part  of 
the  proof  spirit,  mixing  the  solution  thus  formed  with  the  rest  of 
the  proof  spirit 

(b.)  Process  for  ascertaining  the  Hardness  of  Water. — Previous 
to  applying  the  soap-test,  it  is  necessary  to  expel  from  the  water 
the  excess  of  carbonic  acid }  that  is,  the  excess  over  and  above 
what  is  necessary  to  form  alkaline  or  earthy  bicarbonates ;  this 
excess  having  the  property  of  slowly  decomposing  a  lather  once 
formed.    For  this  purpose,  before  measuring  out  the  water  for 
trial,  it  should  be  shaken  briskly  in  a  stoppered  glass  bottle  half 
filled  with  it,  sucking  out  the  air  from  the  bottle  at  intervals  by 
means  of  a  glass  tube,  so  as  to  change  the  atmosphere  in  the 
bottle ;  loo  measures  of  the  water  are  then  introduced  into  the 
stoppered  phial,  and  treated  with  the  soap-test,  the  carbonic  acid 
eliminated  being  sucked  out  from  time  to  time  from  the  upper 
part  of  the  bottle.    The  hardness  of  the  water  is  then  inferred 
directly  from  the  number  of  measures  of  soap-solution  employed, 
by  reference  to  the  Table  on  p.  396.    In  trials  of  waters  above  16 
degrees  hardness,  100  measures  of  distilled  water  should  be  added, 
and  60  measures  of  the  soap-test  dropped  into  the  mixture,  pro- 
vided a  lather  is  not  formed  previously.    If  at  60  test-measures  of 
soap-test,  or  at  any  number  of  such  measures  between  32^  and  60^, 
the  proper  lather  be  produced,  then  a  final  trial  may  be  made  in 
the  following  manner: — 100  test-measures  of  the  water  under 
trial  are  mixed  with  100  measures  of  distilled  water,  well  agitated, 
and  the  carbonic  acid  sucked  out ;  to  this  mixture  soap-test  is 
added  until  the  lather  is  produced,  the  number  of  test-measures 
required  is  divided  by  two,  and  the  double  of  such  degree  will  be 
the  hardness  of  the  water ;  for  example,  suppose  half  the  soap-test 
that  has  been  required  correspond  to  lo—  degrees  of  hardnesSy 
then  the  hardness  of  the  water  under  trial  will  be  21.     Suppose^ 
however,  that  60  measures  of  the  soap-test  have  failed  to  produce 
a  lather,  then  another  icx)  measures  of  distilled  water  are  added, 
and  the  preliminary  trial  made,  until  90  test-measures  of  soap- 
solution  have  been  added ;  should  a  lather  now  be  produced,  a 
final  trial  is  made  by  adding  to  icx)  test-measures  of  the  water  to 
be  tried  200  test-measures  of  distilled  water,  and  the  quantity  of 
soap-test  required  is  divided  by  3,  and  the  degree  of  hardness 
corresponding  with  the  third  part  being  ascertained  by  comparison 
with  the  standard  solutions,  this  degree  multiplied  by  3  will  be 
the  hardness  of  the  water.    Thus,  suppose  84*5  measures  of  soap* 


39^  WATBB. 

solution  wore  reqiiired,  HI  -    38-5,  sad,  on  Teferring    to  the 

Tiibk  tliia  niuuber  ia  found  tocorrespond  to  14°,  which,  mullipUed 
by  3,  givea  42°  fur  the  actual  hardneaa  of  the  water. 
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corresponding  degree,  is  the  integral  part  of  the  required  hard- 
ness. The  numerator  of  the  fraction  is  25-8  — 24*9 -0*9;  the 
denominator  is  the  corresponding  difference  «  1*8.    Therefore  the 

0*0 
•fraction  is  __ ?s=o'5,  and  the  whole  hardness  is  I2'5®. 
1-8 

To  infer  the  degree  of  hardness  from  an  ordinary  analysis.  Dr. 
Clare  gives  the  following  rule  : — Compute  the  numher  of  grains 
of  lime,  magnesia,  oxide  of  iron,  and  alumina  in  a  gallon  of  water 
each,  into  its  equivalent  of  chalk ;  the  sum  of  those  equivalents 
will  be  the  hardness  of  the  water.      The  experiments  of  Mr. 
Campbell,  however,  show  that  this  rule  is  not  always  accurate. 
He  found  that  water  containing  mdphate  of  rruignemim  alone  acts 
towards  the  soap-test  in  producing  with  it  a  perfect  lather, 
similarly,  or  nearly  so,  as  water  containing  a  calcium  salt  alone, 
only  when  the  equivalent  of  magnesian  salt  does  not  exceed  six 
grains  of  carbonate  calcium  in  a  gallon  of  water.  From  that  point 
the  magnesian  standards  begin  not  to  require  so  much  soap- 
test  as  the  lime ;  and  as  the  standards  increase,  this  difference  in 
soap-test  increases  till  the  magnesian  standard  of  16^  requires 
only   19*6°  soap-tests;   whilst  the  lime  standard  of  16^  requires 
32.      In   standard  solutions  containing   16°,    12®,  8°,  6°,  4**,  2** 
lime  in  a  gallon  plus  1°,  2°,  3°,  4^  magnesia,  and  so  on  up  to 
16^,  less  soap-test  was  requisite  to  cause  a  perfect  lather  in 
most  of  the  solutions  than  is  requisite  for  the  standard  of  lime 
alone  contained   in   them  ;    or,  in   other  words,  the   magnesia 
appeared  to  soften  the  lime  standards,  and  this  peculiarity  was 
found   to  increase  as  the  magnesia  increased.      For  example, 
a  standard  of  lime  of  16°  takes  32  test-measures,  a  standard 
of  lime   16°  +  1°  magnesia  takes  31*6,  and  a  standard  of  lime 
16°  +  16°  magnesia  takes  27*9.     It  thus  appears  that  when  a 
water  contains  both   magnesia  and   lime   salts   (the  former  in 
quantity),  the  degree  of  hardness  of  the  water  cannot  be  taken 
as  representing  the  amount  of  the  earthy  salts  present ;  neither 
can  it  be  considered  as  giving  the  amount  of  ]ime.    It  is  rarely, 
however,  that  a  water  applicable  to  domestic  use  occurs  in  which 
there  is  such  an  amount  of  magnesia  present  as  to  occasion 
serious  disturbances  in  the  indications  of  the  soap- test. 

Lastly,  to  obtain  uniform  results.  Dr.  Clark  recommends  that 
as  soon  as  a  lather  is  formed,  such  as  will  remain  for  five  minutes, 
an  interim  note  be  taken  of  the  quantity  of  soap-test  used.  In 
about  half  an  hour  the  bottle  should  be  shaken  again,  to  see 
whether  the  lather  will  still  remain  for  five  minutes.  If  the  water 
does  not  exceed  4°  or  5°  of  hardness,  it  is  likely  to  require  a  little 
more  soap-test  upon  this  renewed  shaking;   but  in  every  case 
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wh-'r.^  mori"  s.iap-iost  i^  requirpd,  more  must  be  »dded.  This 
lattrr  'Vinr.i:y  rlJ  nw  fonurr  will  together  mitke  up  the  vhole 

Ii,;.miiH/<H-n  ■■ft'..  Am-'i»t  of  On/anic  Matter  in  Water.^ 
Thisas  Mr.  Mllirii  ^Wm-s  t '  J^ur.  Chem.  S,*.',  1S65.  p.  iiS), 
i-  x\\->  m-<  i1:T!!oult  a-A  nt  the  ^me  time  mil?!  important  problem 
in  tl;.-  ar,.iU-:-  i.:'  yi:;ili;e  vrater.  The  plan,  often  prftctLh.?d,  of 
>iiiipl\-  .1  .ip  irdvlr.:,-  ■!  'wn  1.1  drvne?*,  weiphinp.  and  then  ipnitinjf 
a!i>l  w-i.-hiii^  .1  —i' -iid  tiui",  (ilw;iTS  K'ftds  til  iuexBot  results,  and 
Cimiii-inlj  pr^iiiii.'-*  an  avfr-eMiniate  of  (he  ftuioiint  of  orunnic 
ii:iitt-T,  I'wirij  1..  til,'  l.'s*  i»s]ii>i-iallv  of  hydrochloric  acid  and  cap- 
li'-iil-  add.  if  niii'h  iiia_-'n<'>inn  ftXtf  arv  present.  It  is  better 
I  •  ii.!.I  11  ki:.iwri  ri'i:i:ii:t_v  ..f  fused  rarbonati'  of  sodium  to  the 
v(-.— 1  in  whii'li  t!u'  .vi.p.iniiiiui  is  beiiw  .,*ll'eoted,  and  thij  is  best 
pvn'iriii'il  ill  ;i  tiiiit  pLiiiniini  crtieible  rnpablo  of  contniuiiig  at 

I'-a-i  ;!iv \i:w-'  ..f  hm(.t.  imd  provided  with  a  phitinuui  cover. 

^Vl„-n  ih-  «-.i.-;i!  f  ih.'dry  ri'Mdiie  i:>  ascertained,  the  smouDtof 
carb'ii.it-  .I'lii.'d  :-  -iiii]ily  diHliicteit  f^lm  the  weight  obtained. 

T)i.'  ilnii.^'  I  I' til-'  r>''^liliieshi<uld  be  completed  in  an  air-batb. 
llii>  i>iii]iii:itiirr-  111"  "liU'li  i»  maintained  for  uiie  Iwut  at  ab>>ut  300^ 
Knlir.  .\fi.T  bfiri,'  cari'fiillT  wei}rhed,  the  organic  matter  is  burnt 
oil  at  iiL>\vT"d-ln'al.  and  tbi- residue,  when  cold.a^in  wejfht.>d,  the 
erui-ibl"  l»'in^r  <-  ivi'f'it.  After  the  iiinition  the  wiline  ma>a  ithotild 
weA  Mihition  "f  carbonic  acid  in  dis- 
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of  the  permanganate.  0*05  gall.  (8  oz.)  of  the  water  is  placed  in 
a  flask  with  50  grains  of  diluted  sulphuric  acid  (i  of  acid  to  3  of 
water);  20  grains  of  the  permanganate  solution  may  then  be 
added,  the  flask  being  placed  on  a  white  ground  in  front  of 
a  window.  At  intervals  of  fifteen  minutes  it  is  examined,  and 
successive  quantities  of  10  or  of  5  grains  of  the  permanganate 
solution  are  added  in  proportion  to  the  rapidity  and  completeness 
with  which  the  colour  disappears.  These  success ve  additions  of 
permanganate  must  be  made  until  the  last  addition  remains 
sensibly  unaltered  after  the  lapse  of  half  an  hour,  which  generally 
occurs  between  two  and  three  hours  from  the  commencement  of 
the  experiment.  The  number  of  water-grains  consumed  is  then 
ascertained,  and  on  multiplying  this  number  by  20  we  have  the 
quantity  of  oxygen  in  j^^o^^^  ^^  ^  grain  consumed  in  oxidizing  the 
organic  matter  in  i  gallon  of  the  sample  of  water. 

Estimation  of  Ammonia  in  Potable  Water. — This,  which  is  a 
point  of  importance,  is  readily  effected  as  follows  (Miller,  *  Jour. 
Chem.  Soc*  vol.  xviii.  p.  135) : — Into  a  capacious  retort  a  quart 
of  the  water  is  introduced,  and  the  retort  connected  with  a  suitably 
mounted  Liebjg  condenser ;  an  ounce  of  barvtarwater  is  then 
added,  and  10  ounces  of  water  are  distilled  over  slowly ;  or  i 
litre  of  water  may  be  used,  25  c.c.  of  baryta- water,  and  250  c.c.  of 
water  distilled  over.  The  residue  in  the  retort  is  filtered,  and 
separated  from  the  carbonate  and  sulphate  of  barium.  The  dis- 
tillate is  divided  into  two  equal  portions :  one  of  these  is  sub- 
mitted to  Nessler's  test  for  ammonia  in  the  following  manner,  as 
recommended  by  Mr.  Hadow  : — Make  a  concentrated  solution  of 
an  ounce  or  more  of  corrosive  sublimate ;  having  dissolved  2^ 
ounces  of  iodide  of  potassium  in  about  10  ounces  of  water,  add  to 
this  the  mercurial  solution  until  the  iodide  of  mercury  ceases  to 
be  dissolved  on  agitation ;  next  dissolve  6  ounces  of  solid  hydrate 
of  potash  in  its  own  weight  of  water,  and  add  it  gradually  to  the 
iodized  mercurial  solution,  stirring  whilst  the  mixture  is  being 
made  ;  then  dilute  the  liquid  with  distilled  water  till  it  measures 
I  quart.  When  first  prepared,  it  usually  has  a  brown  colour  of 
greater  or  less  intensity,  owing  to  the  presence  of  a  little  ammonia, 
but  if  set  aside  for  a  day  or  two  it  becomes  clear  and  nearly 
colourless ;  the  clear  liquid  may  then  be  decanted  for  use.  For  a 
litre  of  the  test  liquid  of  equal  strength,  62*5  grammes  of  iodide 
of  potassium  and  150  grammes  of  solid  caustic  potash  will  be 
required.  About  50  grains  (3  c.c.)  of  this  solution  are  drawn  off 
by  a  marked  pipette  and  added  to  one-half  of  the  distillate.  If  no 
ammonia  be  present,  the  mixture  remains  colourless;  but  if 
ammonia  be  present^  the  liquid  will  assume  a  yellowish  tinge  of 
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grenter  or  lew  iDtoniity.  Hie  liquid  will  ramun  eleur  if  tbe 
ammoaU  doe«  Dot  exceed  ^s^tli  of  a  (fnun  in  tbe  5  onncaa,  or 
about  0-2;  millipramroe  in  135  grms.  of  the  distillato.  ThaqnitD- 
titv  of  RTnmonia  in  nucb  a  case  may  be  rery  accnntely  eatiinktcd 
in  the  folIoTCJiig  manner: — A  eolation  of  lal  am moniao  ia  prepared 
contsininjr  3'i7  prnins  of  the  ealt  in  10,000  grunaof  water  (op 
0'5[7  fcramme  ot  the  salt  per  litre),  which  ia  equivalent  to  y^s''' 
of  a  jrraiDof  ammonin  in  each  giainof  thia  solution,  or  o-i  {ininiiio 
in  I  litre.  Suppose  that  a  tint  ia  obtained  in  the  distilled  liquid 
which  experience  leads  the  otwerrer  to  aatimate  aaj  at  jg'^tha 
of  a  fn'nin.  50  prains  of  the  standard  ml  ammoniac  aolntian  an 
plncnd  in  a  benker  rimilar  in  eiie  to  that  uaed  for  the  diatillata 
under  trial,  then  diluted  with  5  ouncoa  of  dtatilled  water  pt»- 
TioiiRlf  HscprtAtncd  to  be  free  trvm  ammonia  (an  impniity  not 
uufrequentlv  met  with  in  the  firat  portiona  of  frater  which  come 
over  in  diBtilktion) ;  Inatlj,  50  fcraina  of  the  mereniial  teat-Uqnor 
are  added.  If  the  tint  cninddea  in  inland^  with  that  fomidied 
by  the  dietiUate  nhirh  haa  received  an  «qtial  qtumtUj/  of  tho  mar- 
curisl  test,  the  amount  of  ammonia  maj  be  considered  to  eom- 
apnnd  with  that  tnken  in  the  liquid  for  compariaon ;  if  tho  di^ 
tillate  appear  to  have  a  deeper  or  a  paler  tint,  a  aeeond  apprm^ 
mnlire  trial  with  a  1arg«r  or  a  smaller  quantity  of  eal  ammoiii«e 
must  be  made,  nnd  ao  on,  until  the  operator  ia  eatisfied  that  tho 
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grain  of  ammoniA,  or  i  cc,  will  be  equivalent  to  i  milligramme. 
The  neutralization  is  effected  in  the  ordinary  way  (see  Alka^- 
limetry)y  using  infusion  of  litmus  to  indicate  the  point  of  tran- 
sition from  alkalimity  to  commencing  acidity. 

Messrs.  Wankltn  and  Chapmait,  in  their  excellent  little  prac- 
tical treatise  on  the  '  Examination  of  Potable  Waters/  have 
described  some  important  modifications  of  the  above-described 
method  of  determining  the  amount  of  ammonia  in  water.  '  Most 
kinds  of  water/  they  observe,  'contain  ammonia  (or  ammo- 
niacal  salts),  which  either  was  recently  or  will  presently  become 
a  constituent  of  organic  matter.  In  addition  to  this,  many  kinds 
of  water  actually  do  contain  more  or  less  nitrogenous  organic 
matter,  which  furnishes  ammonia  either  on  simple  boiling  with 
carbonate  of  sodium  or  else  on  boiling  with  permanganate  of 
potassium  in  presence  of  excess  of  alkali.  By  estimating  the 
amount  of  ammonia  obtainable  from  water,  noting  the  circum- 
stances under  which  it  is  obtained,  we  have  a  measure  of  the 
nitrogenous  organic  matter  present  in  water.'  The  following  is 
their  mode  of  procedure : — 

<  Half  a  litre  of  the  water  is  placed  in  a  tubulated  retort,  and 
15  C.C.  of  a  saturated  solution  of  carbonate  of  sodium  added. 
The  water  is  then  distilled  until  the  distillate  begins  to  come  over 
free  from  ammonia  (i.e.  until  50  c.c.  of  distillate  contain  less 
than  il^th.  of  a  milligramme  of  ammonia).  A  solution  of  potash 
and  permanganate  of  potassium  is  next  added.  This  solution  is 
made  by  dissolving  200  grms.  of  solid  caustic  potash  and  8  grms.. 
of  crystallized  permanganate  of  potassium  in  a  litre  of  water.  The 
solution  is  boiled  to  expel  any  ammonia,  and  both  it  and  the  solu- 
tion of  carbonate  of  sodium  ought  to  be  tested  on  a  sample  of  pure 
water  before  being  used  in  the  examination  of  water.' 

50  c.c.  of  this  solution  of  potash  and  permanganate  should  be 
used  with  half  a  litre  of  the  water  to  be  tested.  The  distillation 
is  continued  until  50  c.c.  of  the  distillate  contain  less  than  ^^th 
milligramme  of  ammonia.  Both  sets  of  distillate  have  the 
ammonia  in  them  determined  by  means  of  the  Nessleb  test,  as 
described  above. 

A  standard  ammonia  solution  containing  jl^th  of  a  milli- 
gramme of  ammonia  in  i  cubic  centimetre  may  be  made  by  dis- 
solving 0*03882  grm.  of  sulphate  of  ammonium  in  a  litre  of  water. 
Practically,  however,  it  is  convenient  to  keep  a  solution  of  ten 
times  this  strength  (0*3882  grm.  of  sulphate  of  ammonium  in  a 
litre  of  water),  and  to  dilute  it  when  required  for  use. 

The  colour  observations  of  the  Nessleb  determination  are 
best  made  in  narrow  glass  cylinders  of  such  a  diameter  that 


of  nitro  ('  riiil.  ^Ia^^'  xxx.  4261. 
iiKTciirv  a  coiu'L'iitruted  >nlutiun  < 
liirgt!  excess  of  concentrated  8ulp 
the  nitrojren  is  evolved  as  nitric 
method  the  reader  is  referred  to 
Analvt^is  of  Potable  Waters,  by 
published  in  the  ^Journal  of  the 
p.  77).     Id  the  same  volume  will 
equally  exact  method  proposed  by 
the  reduction  of  the  nitric  acid  to  an 
in  fin  alkaline  solution,  and  the  i 
formed  either  by  the  Nessliir  test 
is  conducted  as  follows : — The  first 
some  idea  of  the  quantity  of  nitrate 
this  purpose  boil  a  little  of  it  in  a 
from  nitrate,  until  a  sample  of  it  d 
test,  and  then  introduce  a  slip  of  alui 
is  dissolved,  decant  the  liquid  into  a 
test,  and  note  the  colour  produced, 
should  a  precipitate  be  formed,  eitl 
(10  c.c.  to  25  c.c.)  must  be  eniployei 
tity,  and  the  ammonia  produced  d 
AlkttUmetry ) ;    if,  on  the  other   iian 
200  C.C.  will  bo  a  convenient  quanti 
waters,  100  c.c.  is  ample. 

Having  learnt  what  sort  of  wat«r 
volume  indicAt<»H  v»--  >*»- 
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dilute  pure  hydrochloric  acid.  This  tube  Deed  not  be  more  than 
an  inch  and  a  half  long^  nor  larger  than  a  goose-q[uill.  It  is  con- 
nected with  a  second  tube,  coutaining  pumice-stone  moistened 
with  strong  sulphuric  acid.  This  last  tube  serves  to  prevent  any 
ammonia  from  the  air  from  entering  the  apparatus,  which  is 
allowed  to  stand  in  this  way  for  a  few  hours  or  over  night.  The 
contents  of  the  pipe-clay  tube  are  now  washed  into  the  retort 
with  a  little  distilled  water,  and  the  retort  is  adapted  to  a  con- 
denser, the  other  end  of  which  dips  beneath  the  surface  of  a  little 
distilled  water  (about  70  to  80  c.c).  The  contents  of  the  retort 
are  now  distilled  to  about  half  their  original  volume.  The  dis- 
tillate is  made  up  to  150  c.c. ;  50  c.c.  of  this  are  taken  out,  and 
the  Nessleb  test  added  to  them.  If  the  colour  so  produced  is 
not  too  strong,  the  estimation  may  be  made  at  once  ;  if  it  is,  the 
remainder  of  the  distillate  must  be  diluted  with  the  requisite 
quantity  of  water.  Should  it  be  desired  to  determine  the  ammonia 
by  titration,  half  a  litre  of  the  water  must  be  evaporated  down  to 
a  small  bulk,  and  this  small  bulk  treated  in  exactly  the  same 
manner,  except  that  the  distillate  is  received  in  dilute  standard 
sulphuric  acid  instead  of  water. 

The  presence  of  nitrites  in  the  well  waters  of  towns  is  not 
unusual.  The  reactions  of  the  nitrites  upon  iodide  of  potassium 
and  starch  employed  by  Dr.  David  Price  as  a  test  for  the  iodides 
may  be  used  conversely  to  detect  traces  of  nitrites  in  waters, 
which  it  will  reveal  when  the  amount  of  nitrite  pressure  is  con- 
siderably less  than  a  grain  per  gallon.  It  is  merely  necessary  tf) 
add  to  a  little  dilute  starch  a  few  drops  of  a  weak  solution  of 
iodide  of  potassium,  and  then  a  few  oimces  of  the  water  slightly 
acidulated  with  dilute  sulphuric  acid;  an  instantaneous  blue 
colouration  of  the  starch  by  liberated  iodine  will  occur  if  the 
water  contains  any  sensible  amount  of  nitrite.  The  quantity  of 
nitrites  may  be  approximately  estimated  by  the  amount  of  a 
graduated  solution  of  permanganate,  which  a  given  measure  of  the 
water  (say  0-05  gallons,  or  250  cc.)  will  bleach.  When  the 
solution  of  permanganate  of  potassium  is  employed  to  determine 
the  amount  of  organic  matter,  if  nitrites  be  present,  part  of  the 
permanganate  will  be  destroyed  by  their  action  j  the  bleaching^ 
though  not  absolutely  instantaneous,  takes  place  in  a  few  seconds ; 
and  therefore  it  can  be  at  once  distinguished  and  measured 
separately  from  the  reducing  effect  occasioned  by  the  organic 
matter,  which  is  always  very  gradual.  The  discolouration  of  i 
grain  of  a  solution  of  permanganate  containing  3-95  grains  of  the 
crystallized  salt  in  lo'cxx)  grains  of  water  would  represent  O0Q2^j 
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grains  of  nitroiu  acid, 
milligramnie. 

To  convert  the  report   of  the  nnmber  of  g 
(70/xx))into  parts  in  1,000,000  (or  what  ■ 
thing,  to  miUigramme  per  litre),  ^ride  the  raulta  bj  7,  ■ 
dpi;  b;  100.    If  the  qiiaatitjea  per  litie  have  been  oT 
miUignunmeji,  the  pmportinn  in  gruna  per  ({allaa  ia  giva  I7  (be 
conrerae  operatioa  of  Jiriding  bj  100  and  mii]ti|jjiiig  hj  7. 

DrtretioH  and  Ettitnaliati  of  ZmiH— This  fortmiBtdT  it  at- 
tended with  an  dillirulties,  though  certain  precaatiiai  am  Baeea- 
sarj  when  the  water  coDtaina  (aa  almwt  all  natiual  waten  do, 
more  or  Ies8 )  soluble  orfianic  matters.  We  poneai  in  ■nlphuiatted 
bjdrotren  a  test,  bv  which  the  presence  of  J  of  a  grain  oT  lead  ii 
indicated  in  1  gallon  or  distilled  water  by  the  prodttdiDa  of  a 
brown  tinjre.  In  mnkinD'  the  experimpnt,  the  beaker  abonld  be 
placed  OD  a  sheet  of  white  paper,  and  a  second  beaker,  to  whicK 
ijo  sulphuretted  brdrn^en  has  been  added,  should  be  placed  by  lU 
side,  also  on  white  pnper,  so  that  the  faintest  blown  tinge  m^  be 
rendered  evident  bj  comparison  ;  a  few  drops  of  pore  hydro- 
chloric  acid  should  be  added  previoua  to  the  application  of  the  teat. 
T>r.  SxlTS,  io  his  iavestigation  of  the  action  of  the  wateta  of  the 
Dev  and  the  Don  on  lead  pipes  and  cistenu,  empIoTod  the  tint 
prod,.-. 
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applying  the  sulphuretted  hydrogen  test,  the  water  should  be  care- 
fully evaporated  to  dryness,  and  the  residue  ignited  in  a  small 
porcelain  capsule,  whereby  the  organic  matter  is  destroyed.  The 
saline  matter  should  be  moistened  with  nitric  acid,  and  then 
wanned  with  the  addition  of  acetic  acid  and  water,  and,  if  neces- 
sary, filtered.  To  estimate  the  amount  of  lead  qiumtitaUvdy,  a 
gallon  of  the  water  should  be  employed ;  it  should  be  gently  eva- 
porated to  dryness,  and  the  residue  having  been  moistened  with  a 
few  drops  of  nitric  acid  and  ignited,  is  digested  with  dilute  hydro- 
chloric acid  and  filtered.  The  solution  is  neutralized  with  carbojoate 
of  sodium,  and  acidified  with  acetic  acid ;  a  small  quantity  of 
bichromate  of  potassium  is  then  added,  and  the  liquid  set  aside 
for  some  hours.  If  a  yellow  precipitate  is  produced,  it  is  chromate 
of  leadj  which  is  redissolved  in  hydrochloric  acid,  and  tartaric 
acid  and  excess  of  ammonia  having  been  added,  sulphuretted 
hydrogen  is  passed  through  the  solution.  The  precipitated  sul- 
phide of  lead  is  washed  by  decantation,  and  converted  into  sulphate 
by  evaporating  to  dryness  with  a  little  fuming  nitric  acid,  and  a 
drop  or  two  of  sulpliuric  acid.  The  ignited  residue  contains  73*6 
per  cent,  of  oxide  of  lead. 

yxTAJL, — Wax  is  a  product  secreted  by  bees ;  or  rather,  fabri- 
cated by  bees  from  honey  or  sugar.  It  is  obtained  after  expressing 
the  honey  from  the  combs  by  melting  the  latter  into  cakes,  in 
which  state  it  constitutes  the  yellow  beeswax  of  shops.  Un- 
bleached beeswax  is  yellowish  brown;  has  an  odour  of  honey, 
and  is  tasteless.  When  bleached  it  is  perfectly  white,  and  has  a 
salvy  odour. 

Both  yellow  and  white  wax  are  often  adulterated  with  earthy 
matter,  such  as  chalk,  sulphates  of  calcium,  of  barium,  and  sodium, 
carbonate  of  barium,  &c. ;  or  with  flour,  starch,  resin,  oxide  of 
lead,  of  zinc. 

Most  of  these  admixtures  may  be  detected  by  boiling  the  wax 
in  water,  which  will  separate  all  the  l^eavier  substances;  such  aa 
chalk,  sulphate  of  calcium,  barium,  and  other  earthy  matter,  the 
oxide  of  lead,  of  zinc,  &c  Sulphate  of  sodium  will  dissolve,  and 
and  on  cooling  the  wax  will  be  found  in  the  solid  state  floating  on 
the  water. 

If  the  wax  has  been  adulterated  with  flour  or  fecula^  the  water 
in  which  the  wax  has  been  boiled  will  be  more  or  less  thick,  and 
after  cooling  it  will  produce  a  blue  colour  with  solution  of  iodine. 
Or  nil  these  impurities  may  be  estimated  directly  by  fusing  the 
wax  per  se  in  a  capsule,  and  on  leaving  it  at  rest  the  impurities 
will  subside,  and  be  found  at  the  bottom  of  the  capsule.  And, 
moreover,  if  starch  or  flour  be  present,  the  wax  being  treated  by 
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concentrated  sulphuric  ncid  will  tun  black,  became  tbe  add  w3I 
then  char  the  Mtixch  or  flour. 

DeeBwaz  is  Bometiroea  adnltented  bjrMm;  thia  fraud  jaaj 
be  detected  because,  in  that  can,  the  fracture  will  be  aaiootJi 
instead  of  grnnular,  and  if  heat  he  applied  the  odoiu  of  rttaa 
becomt'B  perceptible.  That  odour  ia  sometiinea  readiljr  mn^iaed 
ill  the  cold.  A  cotton  wick,  clipped  into  fuaod  genuine  beennx, 
biima  with  a  clear  white  flame;  but  if  renn  be  preaoit,  the  flame 
i^)  fiJiginouB  and  smoky. 

The  aduheralion  of  beeswax  with  laUov  ia  moie  difficult  of 
detection,  but  the  presence  of  the  latter  auhaiance  maj  be  recog- 
nised bj  dipping  a  cotton  wick  into  the  fktsed  beeswax  ondec 
cxaminHtinn,  lighting  it,  and  after  a  few  aeconda  blowing  it  ou^ 
when  the  odour  of  tnllow  will  become  perceptible.  According  to 
BorDKT  and  DoissbNOT,  this  fraud  may  also  be  detected  hy  8ab> 
mitling  the  euspecttd  wax  to  dry  distillation,  for  pnie  wax  jielda 
no  sebacic  acid,  whilst  if  it  cont^na  2  per  cent,  at  talloir  eebaoc 
fltid  is  obtained,  and  may  he  recognised  ea  such,  becauas  the  water 
into  which  the  products  of  the  distillation  have  been  digeeted, 
sod  which  should  he  perfectly  pure,  has  acquired  the  proper^  of 
being  precipitated  by  a  solution  of  neutral  acetate  of  lead,  and 
also  by  the  salts  of  Bilrer  and  of  mercury. 

Bleached  beeswax  which  haa  been  adtilterated  bj  talloir, 
instead  of  being-  semi-transparent  and  hard,  is  more  (^laqae  and 
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Bodium,  of  pot€U8tum,  or  of  calcium 'y  but  as  these  substances  give  a 
dark;  or  even  a  black  colour  to  the  wine^  and  hasten  the  putrefa^' 
tive  fermentation,  litharge^  carbonate  of  leady  or  metallic  lead,  is 
sometimes  employed,  the  result  being  the  formation  of  acetate  of 
lead  (sugar  of  lead),  which  is  a  salt  of  a  sweet  taste,  which  does 
not  alter  the  colour  of  the  wine,  and  which,  moreover,  has  the 
property  of  checking  fermentation.  This  most  dangerous  practice, 
however,  is  much  less  frequent  than  formerly,  when  the  poisonous 
properties  of  acetate  of  lead  were  not  so  well  known  as  now. 

The  above  substances  may  be  detected  in  wine  in  the  following 
manner : — 

When  wine  has  been  sophisticated  with  carbonate  of  calcium, 
the  addition  of  oxalate  of  ammonium  invariably  produces  a  pre- 
cipitate of  oxalate  of  calcium.  Yet,  though  oxalate  of  ammonium 
may  produce  such  a  precipitate,  the  operator  should  not  hastily 
conclude  that  the  wine  has  been  saturated  with  carbonate  of  cal- 
cium, because  genuine  wine  contains  tartrate  of  calcium,  and  will 
therefore  produce  a  precipitate  of  oxalate  of  calcium  when  tested 
by  oxalate  of  ammonium ;  but  in  the  latter  case,  that  is,  if  the 
wine  be  genuine,  the  precipitate  produced  is  triiling,  whilst  in  the 
contrary  case  it  is  abundant.  The  fact  may,  however,  be  placed 
beyond  doubt  by  evaporating  a  portion  of  the  wine  to  about  one- 
eighth  of  its  bulk,  and  diluting  it  then  with  its  own  bulk  of 
alcohol,  which  will  separate  the  tartrate  and  sulphate  of  calcium 
which  may  exist  naturally  in  the  wine,  whilst  the  acetate  of  that 
base  remains  in  solution.  The  wine  should  then  be  filtered,  and 
the  filtrate  evaporated  to  dryness.  The  dry  residuum  is  next  re- 
dissolved  in  water  and  filtered.  If  now  the  filtrate,  being  tested 
with  oxalate  of  ammonium,  produces  an  abundant  precipitate  of 
oxalate  of  calcium,  the  presence  of  acetate  of  lime  is  rendered  con- 
clusive. 

If  carbonate  of  potassium  has  been  employed  to  saturate  the 
excess  of  acetic  acid,  the  presence  of  acetate  of  potassium  may  be 
rendered  manifest  as  follows : — A  portion  of  the  wine  is  evaporated 
to  syrupy  consistence  and  stirred  with  a  small  quantity  of  alcohol, 
which  dissolves  all  the  acetate  of  potassium  with  the  help  of  a 
gentle  heat,  and  the  liquor  is  filtered.  The  alcoholic  filtrate, 
which  has  a  yellowish-red  colour,  should  be  divided  into  two  por- 
tions ;  one  of  these  portions  is  tested  with  solution  of  chloride  of 
platinum.  If  this  produces  a  granular  precipitate  of  a  lemon- 
yellow  colour,  it  is  a  proof  of  the  presence  of  potassium.  The 
second  portion  should  be  evaporated  to  dryness,  and  the  dry  resi- 
duum, treated  by  concentrated  sulphuric  acid,  will  then  disengage 
vapours  of  acetic  acid,  recognizable  by  their  odour.    It  is  true  that 
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genuine  wine,  containing  iIwkjb  i 
behaves  in  the  game  mjmner  whoi  M  tawtad ;  bat  tite  qnuti^  of 
acetate  of  potasalum  existing  notenll/ in  dia  wine  unm^  tkat 
chloride  of  platinum  creates  oslj  ft  tniMiiiif  or  a  toj  aligbt  piw- 
dpitate,  and  the  vapours  of  aoeda  ftoid  erolTed  bj  teertnwnt  with 
Goncenbvted  sulphuric  acid  an  wtaej  tdfling. 

If  the  wine  has  been  Bfttuated  witli  obtAom^  o^  todiam,  tlw 
residuum  left  after  eTaporatioD  sbonld  be  taaatod  bj  weak  alo^io^ 
in  order  to  dissolve  the  acetate  ot  sodiom;  and,  on  erafegatiag, 
acetate  of  sodium  will  be  obtained  in  cryitaU,  wbich,  heated  befom 
the  blow-pipe,  will  impart  a  deep  jellow  tinge  to  tbe  flanw,  and 
which,  when  treated  hy  concentrated  aolphnrio  add,  will  arnlTB 
pungent  Tftpouni  of  acetic  acid. 

It  lead  OT  itacaritmafffOrfitAarpfihaabeenempIojed  toaatnnto 
the  acid  of  the  wine,  the  detection  is  nrj  easy  and  canclniiTa.  J^ 
portion  of  the  wine  is  evaporated  to  dryness,  tiie  orgaoio  naidnnni 
ia  cliarriid,  triturated  with  twice  ita  weight  of  ni^  and  deoom- 
posed  bj  projecting  it  bj  small  portion*  at  a  time  in  a  led-bot 
cnpaule  or  crucible.  If  the  ignited  maat  should  s^  hare  a  brown 
colour,  it  should  be  triturated  with  a  fresh  portion  of  nitra  and 
ignited  again.  After  fusion,  the  reeidunm  is  treated  bj  verj  dilute 
nitric  acid  in  order  to  dissolve  it,  and  if  a  portion  of  the  aolatioa, 
which  is  almost  colourleaa,  being  traated  bj  aolpburetted  hjdio- 
gen,  produces  a  black  or  dark  brown  predpitate ;  and  if  another 
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tally  left  having  gradually  become  converted  into  acetate  and  eta- 
booate  of  lead. 

As  to  aluniy  which  is  sometimes  added  to  wine  for  the  purpose 
of  brightening  its  colour,  or  of  clarifying  newly-made  wine,  its 
presence  may  be  detected  by  first  decolorizing  the  wine  (if  red 
wine)  by  means  of  animal  charcoal,  previously  washed  with  hydro- 
chloric acid,  filtering,  and  evaporating  the  lead  to  about  one-third  of 
lame,  in  a  porcelain  or  platinum  capsule,  and  again  filtering 
it:  ^Ix  a  precipitate  has  been  produced  whilst  concentrating  it,  if 
solution  of  potash,  or  of  ammonia,  or  of  sal-ammoniac  produce, 
when  poured  into  the  filtrate,  a  white  precipitate  soluble,  with  the 
help  of  heat,  in  an  excess  of  solution  of  caustic  potash ;  if  car- 
bonate of  potassium  or  of  sodium  produce  a  white  precipitate ; 
-4{  solution  of  nitrate  of  barium,  or  of  chloride  of  barium,  produce 
fuso  a  white  precipitate,  insoluble  in  water  and  in  acids,  then  the 
wine  contained  alum. 

Or  a  given  portion  of  the  wine  may  be  evaporated  to  dryness 
and  ignited;  the  ignited  residuum  is  then  treated  by  a  small 
quantity  of  hydrochloric  acid,  evaporated  to  dryness,  again  treated 
by  dilute  hydrochloric  acid.  K  the  addition  of  solution  of  caustic 
potash, to  the  acid  solution  produces  a  white  bulky  precipitate 
soluble  in  an  excess  of  caustic  potash,  but  which  is  reprecipitated 
by  a  solution  of  sal  ammoniac,  then  alum  is  present. 

A  small  quantity  of  sulphuric  acid  is  sometimes  added  to 
wines ;  its  presence  in  the  free  state  may  be  detected  by  pouring 
a  drop  or  two  of  the  suspected  wine  upon  a  piece  of  paper,  and 
drying  it  at  a  gentle  heat.  The  wine,  if  pure,  leaves  the  paper 
unaltered,  but  if  it  contain  sulphuric  acid,  the  paper  will  be  cor- 
roded and  crumble  into  fragments,  on  rubbing  between  the  fingers 
the  part  which  has  thus  been  moistened. 

M.  Lassaione  says  also,  that  pure  wine  leaves  by  spontaneous 
evaporation  a  violet  or  purple  stain  on  the  paper,  whilst  that  to 
which  sulphuric  acid  has  been  added  (from  2  to  300oths)  leaves  a 
pink  stain  in  drying. 

The  paper  best  suited  for  such  experiments  is  common  glazed 
paper  containing  starch ;  or  it  may  be  prepared  by  painting  it,  as 
it  were,  with  thin  paste. 

But  the  most  frequent  adulteration  consists  in  an  addition  of 
water  and  of  alcohol.  There  is  no  satis&ctory  method  of  detecting 
this  fraud  when  the  wine,  after  having  been  sophisticated  in  this 
matter,  has  been  allowed  to  remain  undisturbed  for  some  con- 
siderable time,  and  when  perfectly  pure  sugar-spirit  has  been 
employed  for  the  purpose.     The  best  test  in  such  cases  is  a  good 
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pnliite.  T)ut  wHen  the  spirit  employed  1b  ordinary  spirit,  wUdi  b 
generaUj  tbe  case,  tho  aijulterntioii  may  be  detected  bj  ilirrtilliwg 
a  portion  of  ths  wine,  &nd  rubblog  betweeD  the  hand  a  small 
quantity  of  the  gpirit  which  distils  over.  If  the  wine  wm  pon^ 
110  other  odour  ia  discernible  bat  that  of  pore  spirit ;  in  the  eoi^ 
tiaiy  case,  a  peculiar  odour  (that  of  oil  of  grain,  or  fnaed  oil} 
becomea  apparent. 

The  quantity  of  alcohol  contused  in  wine  may  be  detennined 
alno  by  dlattllation,  and  taking  the  specific  grarity  of  the  diatillate. 
To  ofTect  thiit,  four  or  five  ounces  by  measure  of  the  wine  in  ques- 
tion at»  put  into  a  small  still  or  retort,  and  a  sufficient  quanti^  oC 
CHUstic  soda  added  to  entirely  change  the  colour  of  the  wina. 
The  retort  is  adapted  to  a  Liebio's  condenser,  connected  with  a 
glass  balloon.  About  two-thiids  of  the  wineare  distilled  orttTi  aad 
when  the  distillate  has  completely  cooled,  ita  apeeifio  giKvi^  ia 
then  taken  at  60°  Fuhr.,  by  means  of  a  1000  grains  spedfic-grSTitf 
bottle  or  otherwise.  Let  us  luppoee  that  on  weighing  the  cootanta 
of  the  specilic  gravity  bottle,  it  is  found  to  be  960  grains ;  referenM 
te  the  Tables  given  in  the  article  on  Ae<Aol  will  show  that  afrits 
of  specific  gravity  0.960  contain  40.1  per  cent,  of  spirit  uitderpioot^ 
or  29  per  cent  of  nbsiilute  alcohol  of  spedSc  gmvity  0*7960,  and 
hence  the  quantity  of  alcohol  ccntuned  in  the  wine  apontsd  apou 
is  easily  calculated. 

Hilli.-rto  «■,.  Ii;iv,.   eimlit-n  cmt.y   of  the  n.Uilleralions  lo  which 
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'  If  the  colour  is  not  good,  tincture  of  red  sanders-wood  or  cud- 
bear should  be  added.'  Oak  bark,  elder,  brazil-wood,  priyet,  beet, 
litmus,  are  all  used  to  make  these  spurious  wines,  some  of  which 
do  not  even  contain  the  smallest  particle  of  wine. 

These  adulterations,  and  the  colouring  matter  employed  in 
making  them,  may  be  detected  in  various  ways : — First  of  all, 
when  spirit  has  been  employed  in  the  manufacture  of  wine,  it  may 
generally  be  detected  by  the  odour  of  the  liquid,  and  also  by  that 
of  the  distillate,  as  before  observed.  K  the  proportion  is  at  all 
considerable,  as  in  the  above  receipts,  its  presence  may  be  readily 
detected  by  throwing  a  portion  of  the  suspected  wine  upon 
brightly  ignited  charcoal,  when  a  species  of  deflagration  will  take 
place.  If  the  wine  is  falsified  with  cyder  or  with  perry,  evaporate 
the  wine  at  a  steam  heat  to  a  syrupy  consistence,  and  allow  the 
whole  to  cool  without  stirring ;  at  the  end  of  24  hours  the  clear 
liquor  should  be  decanted  from  any  crystals  of  cream  of  tartar 
which  may  have  formed ;  the  decanted  liquid  is  diluted  with  pure 
distilled  water  and  evaporated  as  before.  The  crystals,  if  any  have 
formed,  are  again  separated  by  decantation,  and  the  operation  is 
repeated  until  no  more  crystals  are  formed.  The  syrup  which  is 
left  at  the  end  of  the  experiments  has  the  characteristic  taste  of 
the  apple  or  of  the  pear. 

It  should  be  remarked  also  that  cream  of  tartar  being  one  of 
the  constant  constituents  of  genuine  wine,  any  wine  in  which  this 
substance  would  be  found  wanting  might  at  once  be  pronounced 
spurious  ipso  facto ;  or  if  the  quantity  of  tartar  were  found  very 
much  below  the  usual  quantity,  or  above  it,  the  wine  might  be 
safely  considered  as  having  been  either  diluted  with  a  mixture  of 
alcohol  and  water,  or  adidterated  with  cream  of  tartar,  probably 
to  simulate  that  which  should  have  been  naturally  present  In 
order  to  detect  the  tartar  and  determine  its  proportion,  proceed  as 
follows : — Take  a  given  quantity  of  the  wine  under  examination — a 
pint,  for  example — evaporate  to  dryness,  and  ignite  the  residuum ; 
the  tartar  (bitartate  of  potassium)  is  thereby  converted  into  car- 
bonate of  potassium,  which  being  examined  by  test  sulphuric  acid 
(see  Alkaitmetry)f  will  indicate  the  proportion  of  bitartrate  of 
potassium  to  which  the  carbonate  corresponds.  i,ocx)  grain-mea- 
sures of  the  test  sulphuric  acid  employed — containing,  for  example 
40  grains— or  one  equivalent  of  sulphuric  acid,  will  Uierefore  indi- 
cate, if  saturated,  180  of  cream  of  tartar. 

According  to  Chevaijjeb,  the  colouring  matter  employed  for 
adulterating  wine  may  be  detected  by  solution  of  caustic  potash  as 
follows : — A  solution  of  caustic  potash  is  to  be  added  to  the  sus- 
pected wine  in  sufficient  quantity  to  saturate  the  acid  of  the  wine. 
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If  the  colour  of  the  wine  u  garaine  no  pndpitata  will  ba  tbmiBd, 
but  the  colour  will  change,  first  from  red  to  bottle-green,  and  after 
some  time  to  browniah-greeti  or  broWB.  Thie  cobnr  diSbls  &0« 
that  produced  when  an  artificial  coloDrliig  matter  baa  been  em- 
ployed ;  for  example : — 

Wins  coloured  hy  tlw  (oOoiriiig  Ocikiiir  indDcod  bf 

•ulHtancH  FotMH 

Elder-berries Purple. 

Logwood Beddiab-pnrple. 

Ited  mulberriee. Purpliab. 

Brazil-wood BmL 

Beet-root  juice. Bed. 

Litmus Light  TioIeL 

American  grape  {Phit^aea  deoandra)      .    Yellow, 
But  none  of  these  substances  will  jield  the  greenish  or  dark  green 
colour  which  genuine  wine  assames  under  thia  treatm«nt 

TMien  wine  has  been  coloured  with  a  decoction  of  the  petab 
of  the  red  poppy,  by  logwood,  or  by  Braiil-wood,  the  ftand,  ac- 
cording to  the  eiperimenta  of  U.  Jacob,  may  be  recogniaed  hj 
means  of  a  solution  of  sulphate  of  aluminum  (lo  parts  of  sulpbata 
in  100  parts  of  water)  mixed  in  equal  proportionawitb  the  wiiie  to 
be  tested  (that  is  to  say,  one  fluid  drachm  of  each),  and  ft  hw 
drops  of  solution  of  carbonate  of  ammonium  ore  then  poured  into 
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VoGEL  proposed  the  solution  of  basic  acetate  of  lead  to  detect 
when  colouring  matter  has  been  added  to  wine. 

• 

Pure  wine Greyish  green. 

Pure  wine  mixed  with  Brazil-    Indigo  blue. 

wood  or  elder-berries. 
Pure  wine  mixed  with  beet-root    Red  precipitate, 
juice  or  sandal-wood. 

Pure  Madeira  wine Light  yellow,  or  cream-coloured 

precipitate.  « 

Pure  port  wine Greyish,  with  a  slight  tinge  of 

green. 

With  logwood,  concentrated  .    .     Crimson  red. 

„  „        diluted     •    .     .    Leaden,  or  bluish  colour. 

With   beet-root   juice — concen-    Pure  colour. 

trated. 

„  „     diluted.    Flesh  colour. 

Berzelius,  however,  asserts  that  the  colour  of  the  precipitate 
varies  with  the  age  of  the  wine  tested. 

According  to  M.  Nees  yan  Esenbege,  the  best  method  of 
detecting  the  colouring  matter  of  spurious  wines  consists  in  making 
two  solutions ;  the  first  with  one  part  of  alum  and  eleven  parts  of 
distilled  water ;  the  second  with  one  part  of  carbonate  of  potassium 
and  eight  parts  of  water. 

A  determined  volume  of  the  wine  to  be. tested  is  mixed  with 
its  own  bulk  of  the  alum-solution,  and  carbonate  of  potassium  is 
gradually  poured  into  it,  taking  care,  however,  not  to  decompose 
the  whole  of  the  alum.  The  alumina  is  thereby  precipitated,  but 
as  it  unites  with  the  colouring  matter  of  the  wine,  the  precipitate 
is  variously  coloured,  according  to  the  species  of  colouring  matter 
with  which  it  is  combined. 

With  pure  wine    ......    Dingy-grey  precipitate,  partly 

soluble  in  an  excess  of  the 
reagent,  in  new  wines. 
Wine  coloured  with  the  petals  of    Greyish-brown  precipitate,  be- 
the  red  poppy.  coming  black  by  excess  of 

alkali. 
Wine  coloured  by  privet-berries.    Purplish-brown  precipitate. 
„  „  myrtle-berries.    Greyish-blue  precipitate. 

„  „  elder-berries.       Purple  precipitate. 

„  „  Brazil-wood,        Violet-grey. 

ff  f,  logwood.  Pink. 
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FiMm  t!if  nVivr  TaWe  we  mar  conclude  that  a]l  those  wineH 
wliir'li.  bi-in?  tivatpd  by  solution  of  alum  and  of  cafbonate  of 
jV'tnsiiiini,  vii-ld  pr.'cipitates  of  a  blue,  violet,  or  pink  colour,  may 
b>!  i'lisppcli'd  of  faavintr  bct>n  nrtiGciallj  coloured. 

AiMli-riifiim  ;f  Slii-rrii. — The  fallowing  particulara  in  reference 
\n  tbi;;Ai.«f(rim/and/ii»(i)7'rft'')Hof  wine,  as  well  H9  the  manufacture 
of  s-h'-rrj-  (.'■■Herally,  arc  talftn  from  a  letter  by  Dr.  THUDiCHm, 
which  nppi'nn'd  a  tilinrt  lime  since  in  the  Time': — 

'  ICapli  qiiimlity  of  rullecti'd  grapes  sufficient  to  yield  a  butt  of 
«/»•',  privioijii  In  iifiii;;  trodden  and  pres(*d,  is  invariably  dusted 
over  with  frnm  y>  to  JO  lb«.  of  burnt  placer  of  Pari*  (sulphate  of 
(■iiU'iiiiJi  I.  Till'  fffi'i'l  of  this  practice  is  to  pre<^ipitate  all  the 
litriiiiic  nnil  nitric  juidsof  tliemunt,  and  to  BuBslitute  in  their  place 
viilphiiric  acid.  Tl»'  jiiw/,  therefore,  as  it  runs  from  the  pre»!>, 
C'>ii(nin!4  no  bilnrtrnt''  of  potasMum,  oroo  called  tartar,  but  sulphate 
of  ]ii.tn'siiiin  in.'tvfi'l.  In  cnnpequpnce  nearly  all  cherries  contain 
ni'nrly  the  whoti!  'if  the  potash  of  the  miift  as  sulphate,  amounting 
t'l  fniiii  I  \  kllogrnTiiiiiP  (about  3  lb.}  to  7  kilogremmea  (about  14 
lb.  I  jwr  biitt  of  4K4  litri^,  or  108  gallons  (eijual  to  from  36-1  to 
t''i'/2  fjTnins  per  botil"  of  one-sixth  to  a  gallon). 

'  Thd  conniinn  vnrietiiis  of  mwt  ore  not  only  plastered,  hut 
al."0  inipri';.'niit>-i.l,  wilh  the  fumes  by  oombuation  of  about  five 
inincs  of  eulpbuv  p'T  butt,  which  adds  about  a  pound  of  sulphuric 
■      '  L   by  the  plaeter.     tjiiantit^ilive  detenni- 
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containing  from  35  to  40  per  cent,  of  proof  spiiit  termed  "color/' 
or  "  vino  de  color."  Frequently  caramel  made  from  cane-sugar  is 
used  instead  of  that  made  from  grapes.  Sweetness  is  imparted  by 
the  addition  of  "  dulce  " — that  is  most  frequently  made  from  grapes 
dried  for  some  days  in  the  sun,  to  which  one-sixth  of  its  volume 
of  spirit,  of  the  strength  of  40®  by  Cartier's  alcoholometer^ 
has  been  added  (a  process  by  which  all  fermentation  becomes 
impossible).  Every  100  litres  of  dulce  contain,  therefore,  19  litre 
of  absolute  alcohol,  equal  to  3378  percent,  of  proof  spirit  Flavour 
is  imparted  by  the  addition  of  some  old  selected  wine,  which  is 
kept  on  so-called  "  Soleras."  Ultimately  brandy  is  added  to  the 
mixture  to  the  extent  of  fortifying  it  up  to  35  as  the  mmimurrif 
most  frequently  up  to  40  or  42,  and  sometimes  up  to  10  per  cent, 
of  proof  spirits. 

'  In  a  butt  of  ordinary  sherry  (40  jars)  there  is  mostly  one- 
fifth  of  its  volume  of  dulce  (eight  jars),  consequently  about  one- 
sixth  of  unfermented  grape-juice,  and  which  remains  un fermented. 
The  better  sherries  are  made  less  sweet,  and  only  the  few  finest 
varieties  are  left  unsweetened.  The  dulce  is  never  plastered,  and 
therefore  its  addition  depresses  a  little  the  large  quantity  of 
sulphate  of  potassium  introduced  by  the  "  color." 

'  Sherries  contain  from  i§  to  8  grammes  of  sulphuric  acid  or 
potash  salt  per  litre  (equal  to  from  17*5  to  93*3  grains  per  botUe 
of  -J  gallon).' 

In  an  elaborate  article  on  'Sherry  and  its  Adulterations '  in 
the  journal  entitled  Food,  Water,  and  Air,  in  relation  to  Public 
Health,  March,  1874,  the  editor,  Dr.  Arthur  Hill  Hassall, 
gives  the  results  of  exhaustive  imalyses  of  nineteen  different 
wines,  mostly  sherries,  from  which  he  deduces  the  following 
conclusions : — 

*i.  That  the  whole  of  the  wines  examined  are,  without 
exception,  fortified  with  extraneous  spirit  to  a  large  extent,  while 
the  average  amount  of  proof  spirit  furnished  by  the  must  from 
which  sherries  are  made  at  Xeres,  according  to  the  best  autho- 
rities, is  about  19  per  cent ;  the  lowest  quantity  found  was  about 
29*723,  and  the  highest  41*294,  the  mean  of  all  the  analyses  being 
3 5  47  7.  In  fact  the  quantity  of  spirit  added  falls  not  very  far 
short  of  that  actually  furnished  by  the  fermentation  of  the  grape- 
juice  itself. 

'  2.  That  seventeen  of  the  nineteen  samples  of  the  vdne  were 
decidedly  plastered.  The  quantity  of  sulphate  of  potassium  found  in 
the  wines  after  deducting  three  grains  per  bottle,  being  the  utmost 
amount  ever  met  with  in  natural  sherry,  ranged  from  15  grains 
per  bottle  to  51*6  grains.    These  quantities  give  90  grains  as  the 
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Inn-cst.  and  309  6  (Trains  u  the  hi^beBt,  amount  per  gallon.  It 
ivill  be  )=fi'n.  tbt'n'rnr?.  ibat  these  analywa  bear  out  tbe  etfttement 
of  !)r.  TniLiirniM  tlmt  all  the  sherries  imported  into  tbiecountij 
Hrcplmlcred,  ihnt  i.-<  to  naj.ths  mustiHduHted  over  with  plaster  of 
I'nria  |)iiilphRli'  of  riilciiiia'),  in  addition  to  which  itisalwi  impre^ 
nati^d  \riUi  thu  fumes  of  burning  Bulpbur,  whereby  a  still  ftuther 
qiinDtity  of  fmlphuric  add  is  introduced  into  the  wine.  Dr. 
IIassai.l  fiiiinil  as  much  sa  54-6  grains  of  piilphate  of  potassium 
]vpr  bottle  of  sbi^rrv,  from  which  number  18  praina  beioft  deducted 
as  the  full  iinrmnl  amount  of  that  salt  ever  present,  there  rcmun 
369'6pTain»iw'r(inllon,  orjiboutjthsofan  ounce.  The  quantity  of 
Rulphate  nf  puins.-'ium,  therefore,  net  witii  in  bis  analyses  is  much 
bHlc)w  the  liirpT  amount  given  by  Dr.  TnrniCHrii,  namely,  rather 

'  3.  Thut  in  addition  to  tbe  fnrtifi/iiig nni  plaftering,  five  of  ihe 
wiiit's  analyz'-d  contained  considerable  amounts  of  cane-«ugar,  tbe 
presporc  nf  which  attonls  of  course  clear  eTiilence  of  adulteration. 

'4.  Tliat  two  of  the  sherries — those  denominated  Hambro' 
sbeiTips^cimliiincd  very  little  wine  at  all,  but  consisted  chiefly  of 
spirit,  sufjnr.  and  water,  flavoureii — in  fart,  those  mixtures  could 
haidlv  bp  Miid  tn  have  any  claims  to  be  regarded  as  wines  at  all.' 

JMermimili-ii  'if  >l,e  ij'iianiity  of  Alcohol  in  V'iae».—The  follow- 
ing dir^ctinu"  nr.'   f.'iven  bv  Mr.  GniPFix  ('Chemical  Tefitinif  of 
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tube  and  filled  to  the  mark  with  distilled  water,  the  temperature 
brought  to  60°.    It  is  then  stoppered  and  weighed. 

Calcitlations. — ^The  weight  of  icx)  septems  of  diluted  alcohol 
prepared  from  the  50  septems  of  wine  having  been  determined, 
the  calculations  which  follow  depend  upon  the  manner  in  which 
the  ascertained  quantity  of  alcohol  is  desired  to  be  stated.  This 
ma  J  be:  1.  The  grains  of  absolute  alcohol  in  100  septems;  2.  TJie 
weight  in  ffrains  of  proof  spirit  in  1 00  septetns;  3.  The  percentage 
of  absolute  alcohol  by  volume  in  the  wine. 

Information  respecting  the  first  two  points  is  obtained  bj 
referring  to  the  following  Table,  which  Mr.  Grifput  has  kindly 
allowed  to  be  transferred  to  this  work  from  his  valuable  little 
book  on  the  *  Chemical  Testing  of  Wines  and  Spirits.*  With 
regard  to  the  last  point:  the  percentage  of  alcohol  by  weight 
having  been  found,  the  percentage  by  volume  may  be  found 
thus  :  *  Multiply  the  specific  gravity  of  the  mixture  by  the  per- 
centage of  alcohol  by  weight,  and  divide  the  product  by  7638 ; 
the  product  of  the  division  is  the  percentage  by  volume.' 

Example, — The  per  cent,  by  weight  of  alcohol  in  a  given  spirit 

*Q7i6  X  20 
is  20,  and  the  specific  gravity  •9716 :  then  ~^  :^^^^ —  =  24*48  the 

per  cent,  by  volume. 

If  the  grains  of  absolute  alcohol  in  icx)  septems  are  required, 
the  numbers  are  found  in  column  3,  in  which  the  weighings  of 
the  centigallon  specific-gravity  bottle  are  quoted;  and  on  re- 
ferring to  column  4,  the  corresponding  weight  in  grains  of  the 
absolute  alcohol  contained  in  the  same  measure  is  given.  This 
number  must  be  doubled  to  give  the  weight  in  grains  of  the 
absolute  alcohol  contained  in  icx)  septems  of  the  wine,  because 
the  quantity  submitted  to  analysis  was  qnly  50  septems. 

If  it  be  desired  to  know  the  corresponding  weight  in  grains  of 
proof  spirit  contained  in  100  septems  of  the  wine,  it  may  be  found 
in  column  5  of  the  Table,  the  number  having  of  course  been 
doubled  to  compensate  for  the  dilution  of  the  spirit  that  was  dis-: 
tilled  from  the  wine. 

Determination  of  the  Quantity  of  Sugar  iti  Wines, — If  the 
sugar  exists  only  in  the  form  of  grape-sugary  the  amount  is  esti- 
mated with  great  accuracy  in  the  following  manner : — 

Test  Liquors  .'—Capper-test  A^— 433*125  grains  of  pure  crystal-? 
lized  sulphate  of  copper  are  dissolved  in  water,  and  the  solution 
made  up  to  one  imperial  pint. 

Copper-test  B. — 2,166  grains  qf  tartrate  of  potassiun^  and 
sodium  (Kochelle  salt),  and  1,010  grains  of  pure  caustic  soda,  both 
dissolved  in  water  to  form  i  imperial  pint  of  solution. 

B  B 
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Table — (continued). 
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Specific  Gra- 
vity of  the  Di- 
luted Alcohol 
at  6o<»  F. 

Weight  in 

Weight  in 

Weight  in 

Absolute  Alco- 

Grains of  100 

Gredns  of 

Grains  of 

hol  per  cent. 

Septeins  of 

the  Absolute 

Proof  Spirit 

by  weight 

the  Dilhted 

Alcohol  in 

at  60°  F.  in 

Alcohol 

xoo  Septems 

xoo  Septems 

8*34 

'9862 

69034 

57*57 

116-93 

8-41 

•9861 

690-27 

5805 

117-90 

848 

•9860 

690*20 

5853 

118-87 

8-55 

•9859 

690-13 

5901 

119-84 

862 

•9858 

690*06 

5948 

12080 

870 

•9857 

68999 

6003 

121*91 

877 

•9856 

689-92 

60-51 

122-88 

884 

•985s 

689-85 

60-98 

123*85 

8-91 

•9854 

689-78 

61  45 

124*82 

898 

•9853 

689*71 

61-94 

"579 

90s 

•9852 

68964 

62-41 

126-75 

9*ia 

•9851 

68957 

62-89 

127*72 

920 

•9850 

68950 

6343 

128*83 

927 

•9849 

68943 

63-91 

129*79 

9*34 

•9848 

68936 

64*39 

130*76 

941 

•9847 

689*29 

6486 

131 73 

9*49 

•9846 

689-22 

6541 

13284 

956 

•9845 

689-15 

65-88 

133*80 

963 

•9844 

68908 

66-36 

13477 

970 

•9843 

689*01 

66-83 

135*73 

978 

•9842 

988-94 

6758 

136-84 

985 

•9841 

98887 

6785 

137*80 

992 

•9840 

988 '80 

68-33 

138*77 

999 

•9839 

98873 

68-80 

139*73 

io'07 

•9838 

98866 

6935 

140*84 

These  two  liquors  should  be  contained  in  closely-stoppered 
glass  bottles  in  a  cool  dark  place,  and  they  keep  longest  in  good 
condition  when  preserved  in  small  bottles  quite  full. 

The  wine  to  be  tested  for  sugar  should  be  so  much  diluted 
with  distilled  water  that  about  50  septems  of  it  will  contain  half 
a  grain  of  sugar,  as  the  copper-test  does  not  give  accurate  results 
when  used  with  strong  solutions  of  sugar. 

For  wines  rich  in  surgar — Tokay,  Champagne,  and  the  Greek 
wines  in  general  (a) — Mr.  Griffiw  recommends  5  septems,  diluted 
with  water  to  500;  for  wines  of  strong  colour,  poH,  sherry, 
Madeira,  &c,  (b),  10  septems,  diluted  to  200  septems ;  and  for 
light  wines  containing  very  little  sugar,  both  red  anawhite  (c), 
50  septems,  diluted  to  100  septems. 

Preparation  of  the  Wine  for  the  reception  of  the  Copper-test. — 
A  sufficient  quantity  of  milk  of  lime  to  render  the  mixture  dia- 
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liDctly  alkaline  k  added  to  an  accuratelj-meagured  qiuwtity  of 
the  diluted  wiut',  tlioii  a  few  diopa  of  strong  solution  of  subaca- 
tnte  of  lead ;  the  IliLtk  is  then  well  shaken,  and  afterwards  a  amall 
quantity  of  solution  of  alum  added ;  the  flaak  is  then  filled  with 
water — for  (a ),  to  500  scptems ;  for  (b),  to  200  septems ;  and  for  (e), 
to  100  suptpuis.  After  being  well  shaken  the  flask  is  set  aside,  in 
order  that  the  pr«<^ipi(ate  may  settle  down.  A^r  some  time  the 
upper  port  of  each  liquor  will  be  observed  to  be  tolerablj  clear, 
and  a  portion  can  be  filtered  off  through  a  dry  paper  Jiiter  without 
disturbinjr  the  prucipitate.  It  is  sufEcient  to  filter  merely  enough 
of  tlh!  liquor  to  fill  the  burett*. 

)lnuy  light-coloured  wines  require  no  precipitation  with  lead, 
limf,  or  alum  to  prepare  them  for  action  with  the  copper-test. 
It  is  only  ntcessury  to  mix  them  with  as  much  solution  of  car- 
bonate of  sodium  hj  reiulera  them  alkaline  to  test-paper.  In  all 
cases  liquors  that  are  to  be  tested  for  sufrar  with  the  copper-test 
must  be  alkaline,  because  free  acid  destroys  the  copper-test. 

In  some  cnse^,  tspecinlly  in  red  wines,  the  colouring  matter 
and  the  tniinin  are  so  difficult  of  displacement,  that  M  these 
additions  are  required  to  clear  them  Bufficiently  for  use  with  the 
copper-tcNt.  But  that  is  not  always  the  case.  Some  wines  can  be 
cleared  with  the  lead  liquor  without  the  use  of  sinlied  lime; 
cithers  with  lime  without  the  lead  solution.    The  clearing  la  often 
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to  settle,  and  the  basin  turned  a  little  on  one  side^  so  that  the  blue 
tint  of  the  liquor  may  be  seen  against  its  sides.  As  soon  as  the 
last  trace  of  blue  is  gone  (the  wine  towards  the  last  having  been 
cautiously  added  drop  by  drop),  and  the  bright  red  precipitate 
has  settled  down  in  a  thin  clear  liquor,  the  operation  is  ended. 
With  a  solution  of  grape-sugar  alone  in  water,  these  changes  of 
colour  are  very  clearly  seen ;  but  in  some  wines  which,  notwith- 
standing the  addition  of  the  clarifying  reagents  above  mentioned, 
still  retain  organic  matter,  the  action  is  disturbed,  and  it  requires 
practice  to  arrive  at  uniform  and  correct  results. 

Calculation  of  Results : — The  10  septems  of  copper-test  included 
in  the  two  solutions  A  and  B  contain  a  quantity  of  copper,  the 
reduction  of  which  to  the  state  of  red  oxide  requires  exactly  half 
a  graifi  of  grape-sugar.  Consequently  the  number  of  septems  of 
diluted  wine  that  were  used  show  Juno  many  septems  of  the  diluted 
vjine  contains  half  a  grain  of  sugar.  The  next  point  to  take  into 
consideration  is  the  state  of  dilution  of  the  wine  that  was  sub- 
mitted to  trial.  According  to  the  above  directions,  the  dilutions 
are — 

For  wines  under  class  (a)  i  measure  to  100  measures. 

»  »  \9)  '        »  2  „ 

Example  i. — A  wine  in  class  (a)  reduced  the  copper  with  29*4 
septems  of  the  diluted  wine.  Doubling  that  number,  we  have 
5 8 '8  septems  as  the  equivalent  of  i  grain  of  sugar.  But  as  this 
wine  was  diluted  from  i  to  100,  the  true  equivalent  is  obtained 
by  removing  the  decimal  points  of  the  number  two  places  to  the 
left :  this  gives  us  '588  septems  as  the  quantity  of  undiluted  wine 
that  contains  1  grain  of  sugar.  Then  to  find  the  quantity  of  sugar 
in  a  centigallon,  we  take  the  proportion — 

•588  :  I  =  loo'cxw  :  x 

j:»  1 70'0  grains. 

Example  2. — A  wine  in  class  (h)  reduced  the  copper  with  37 
septems  of  the  diluted  wine.  This  is  equal  to  74  septems  for 
I  grain  of  sugar ;  and  as  this  wine  was  diluted  from  i  to  20,  we 
have  74 -I- 20 » 37  as  the  quantity  of  undiluted  wine  that  was 
equal  to  i  grain  of  sugar,  and  then  to  find  the  quantity  of  sugar  in 
a  centigallon  we  take  the  proportion — 

37  :  I  =  icx)'o  :  X 
X- 27*03 

Example  3.— A  wine  in  class  (c)  reduced  the  copper  with 
85  septems  of  the  diluted  wine.    This  is  equal  to  170  septems  fai 
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Estimaiion  of  the  Free  AM  in 
lized  tartttric  acid  are  put  into  a  5( 
filled  half  full  of  distilled  water  and 
The  flask  is  then  filled  nearly  to  1 
and  well  shaken ;  the  final  adjustm 
ture  of  02^  Fahr. 

This  is  the  Standard  Acid,  every 
"05  grains  of  crystallized  tartaric  acid. 

The  test-liquor  to  be  used  in  exai 
a  solution  of  caustic  ammonia,  of  sucl 
will  exactly  neutralize  i  septem  of 
therefore  indicate  0*5  grains  of  acid. 

It  is  prepared  as  follows : — 50  sepi 
put  into  a  jar  which  is  graduated  L 
terns,  and  into  a  similar  second  jar  anc 
the  acid  in  both  jars  is  then  diluted 
drops  of  an  aqueous  solution  of  logwooi 
acquires  a  bright  lemon-yellow  colour. 

Next,  strong  liquid  ammonia  is  dil 
bulk  of  distilled  water,  and  the  burett 
liquid.  One  of  the  prepared  jars  of  et 
under  the  burette  on  a  piece  of  wh 
ammonia  is  allowed  to  drop  slowly  i 
the  liquid  is  observed  to  change  coloui 
pink,  and  finally  critns<m. 

The  hroirn.  /vJ/m/*»  •«''•* — •      •' 
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Suppose  that  the  experiments  agree  in  showing  that  35  septems 
of  the  ammonia  solution  are  required,  then  in  order  to  ohtain  a 
solution  of  which  50  septems  shall  exactlj  neutralize  50  septems 
of  the  standard  acid,  1 5  burette  divisions  of  distilled  water  must 
be  added  to  the  ammouia  solution,  and  the  experiments  again 
made  with  the  greatest  care.  In  this  way  a  solution  of  ammonia 
may  be  obtained,  lo  septems  of  which  exactlj  neutralize  10  sep- 
tems of  the  standard  acid. 

Standard  nitric  acid  (which  is  not  liable  to  change)  may  be 
prepared  by  a  perfectly  similar  operation,  and  it  can  be  used  to  test 
from  time  to  time  the  standard  ammonia. 

In  the  application  of  this  process  to  the  determination  of  free 
acid  in  wine  the  testing  does  not  go  on  so  smoothly  and  readily  as 
testing  of  solutions  of  pure  acid,  because  of  the  colouring  matter 
and  tannin  which  are  present  in  all  wines,  and  which  in  some 
cases  deaden  and  confuse  the  action  of  the  colouivtest 

Mr.  Gripfin  gives  the  following  practical  directions  for  over- 
coming these  obstacles : — 

'  Put  into  each  of  two  mixing  jars  10  septems  of  the  wine.  If 
it  is  white  wine  (hock,  sherry,  &c.),  fill  up  to  250  septems  with 
distilled  water.  If  it  is  red  wine  (port,  claret^  &c.),  add  water  till 
the  measure  is  500  septems.  Next  add  to  each  jar  a  sufficient 
quantity  of  the  logwood  infusion  to  give  to  the  mixture  a  colour 
closely  resembling  that  which  is  produced  by  painting  paper  with 
a  colouring  material  called  raw  sienna.  It  is  useful  to  have  at 
hand  a  piece  of  paper  painted  with  that  colour  to  serve  as  a 
standard  of  comparison.  Place  one  jar  under  the  burette  contain- 
ing the  test  ammonia,  and  the  other  on  a  piece  of  white  paper 
near  it.  Let  the  ammonia  drop  slowly  in,  shaking  the  jar  from 
time  to  time.  Gradually  the  colour  of  the  mixture  in  the  jar 
deepens,  becoming  browner,  more  of  a  reddish-brown;  but  the 
change  takes  place  so  gradually  that  if  the  second  jar  were  away, 
the  change  of  colour  might  scarcely  be  perceived.  Suddenly, 
however,  the  mixture  assumes  a  peculiar  reddish-brown  colour, 
entirely  different  from  the  raw  sienna  colour  of  the  second  jar,  but 
which  can  be  accurately  imitated  by  painting  a  piece  of  paper 
with  the  colour  which  bears  the  name  of  burnt  sienna.  By  draw- 
ing upon  white  paper  two  figures  of  the  size  of  the  jars,  and 
painting  one  up  to  the  mark  500  with  raw  sienna  and  the  other 
with  burnt  sienna,  a  gauge  may  be  provided  by  which  it  can  im- 
mediately be  told  when  the  acid  in  the  diluted  wine  is  neutralized. 
The  operation  as  just  described  is  next  performed  on  the  mixture 
in  the  second  jar,  and  a  note  taken  of  the  quantity  of  test  am- 
monia required ;  it  should  be  the  same  aa  in  the  first  experiment' 
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Ciic'</ifi'oH.— SiippoBe  that  lo  eeptema  of  wine,  wfaetber diluted 
to25onr  to  jooBBpieuii",  have  required  9'i  septenisoftestaiiuiioiiw 
to  Dfutrnlize  thu  ncid,  then  loo  septemB  of  the  wine  would  require 
91  fpptL'ins  of  test  ammonia;  and  as  every  septem  of  tbe  test 
nmmoniii  inJicntes  005  grains  of  tartaric  acid,  we  have  only  this 
calculatiun  to  make:  — 


4-5  S 
iiHniely,  tho  wine  contains  455  gruna  of  add  in  too  septems,  or 
455*0  grains  in  tlie  gallon. 

In  easTM  where  the  colcuring  matter  and  the  tannin  are  not 
overpowering,  larger  qimntitiea  of  wine  maj  be  teated,  and  thus 
the  error  due  to  niii'mcasuremeot  will  be  lessened. 

'WOOK>     See  CoTTOS. 

ZAFFKS. — Znlfre  ia,  eBaendally,  a  combination  of  silica  and 
ofoiidH  of  c-obidt ;  tbat  of  commerce  consiHts  of  roasted  cobalt  ore 
and  quartz  in  ftuo  powder,  and  consequently  contains  all  the 
metallic  oxides  which  ma;  happen  to  exist  in  the  ore.  A  fine 
sample,  analysed  by  Noruandi,  contained — 

Oxide  of  cobalt         .         .         .         .     ii'? 
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The  whole  is  then  evaporated  to  diyness,  the  dry  mass  is  drenched 
with  hydrochloric  add,  diluted  with  water,  and  filtered  in  order 
to  separate  the  silica.  Whichever  way  the  solution  is  effected,  a 
stream  of  sulphuretted  hydrogen  is  passed  through  the  acid  solu- 
tion, and  the  whole  is  left  to  digest  for  several  hours  in  a  warm 
place.  This  will  precipitate  the  copper,  silver,  and  arsenic  which 
may  be  present  in  the  liquor ;  or,  if  iron  be  present,  which  is 
almost  sure  to  be  the  case,  there  will  be  also  a  precipitate  of 
sulphur  from  the  decomposition  of  the  sulphuretted  hydrogen 
employed,  especially  if  aqua  regia  has  been  used.  These  sub- 
stances are  separated  by  filtering,  and  whether  the  solution  of  the 
mineral  has  been  effected  by  hydrochloric  acid  or  by  aqua  regia, 
some  nitric  acid  must  now  be  added  to  the  filtrate,  previously 
boiling  it  until  all  odour  of  sulphuretted  hydrogen  has  disappeared, 
in  order  to  peroxidize  the  iron  which  is  contained  in  the  filtrate 
with  the  oxides  of  cobalt  and  of  nickeL  The  liquor  is  then 
neutralized  by  ammonia  until  a  few  fiakes  of  peroxide  of  iron 
begin  to  appear,  and  the  precipitation  is  completed  by  a  solution 
of  neutral  succinate  of  ammoniun^.  The  persuccinate  of  iron  thus 
precipitated  is  collected  on  a  filter,  carefully  washed,  ignited,  and 
weighed  as  peroxide  of  iron. 

To  the  liquor  filtered  from  the  persuccinate  of  iron  a  large 
quantity  of  solution  of  sal  ammoniac  is  added,  and  it  is  largely 
diluted  with  well  boiled  water,  so  that  it  may  be  free  firom  atmos- 
pheric air ;  and  whilst  still  hot,  the  solution  is  put  into  a  fiask 
capable  of  beii^g  well  corked,  and  a  solutioq  of  potash  being 
added,  the  fiask  is  corked  up  and  left  at  rest  until  the  liquor  has 
come  of  a  fine  clear  red  colour,  More  potash  should  be  added  if 
necessary,  until  this  point  is  attained.  Th^  precipiti^te  consists  of 
oxide  of  nickel,  which  ^ay  be  collected  on  a  filter,  dried,  ignited, 
and  weighed. 

The  liquor  filtered  from  the  oxide  of  nickel  \a  now  treated  by 
hydrosulphuret  of  ainmonia,  which  precipitates  the  cobalt  in  the 
state  of  black  sulphide,  which  is  collected  on  a  filter,  and  washed 
with  water  containing  a  little  hydrodsulphuret  of  ammoaia.  The 
precipitated  sulphide  on  the  filter  is  then  scraped  fron^  it  as  com- 
pletely as  possible,  and  put  it  into  a  glass  beaker ;  the  filter  is  then 
burnt  on  the  cover  of  a  platii^um  crucible,  the  ashes  are  added  to 
the  mass  ip  the  glass  beaker,  and  the  whole  is  boiled  with  nitric 
acid  until  the  sulphur  has  separated  in  lumps  of  a  pure  yellow 
colour.  The  liquor  is  then  diluted  with  water,  filter^,  and  the 
cobalt  is  precipitated  in  the  state  of  hydrate  of  cobalt  by  a  solu- 
tion of  potash.  The  precipitate  is  collected  on  a  filter,  washed 
with  hot  water,  dried,  ignited,  and  weighed.    The  hydrate  of 
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co1)ii1t  nfter  ifniitinn  is  in  the  atate  of  intermediary  oxide,  cno- 
tnining  three  eijiiiviilents  of  cobalt  iind  four  equivalents  of  oxvgea. 
Wh(.'n  tliu  exact  quantity  of  cobidt  contained  in  the  hydrate  is 
required,  the  ifniiled  oxide  should  be  heated  ia  a  glus  bulb  in  a 
current  of  h_v<lri>p'i'ii  i!:t\s,  by  which  it  ia  reduced  in  a  state  of  me- 
tallic cobnlt,  and  weighed  as  such.     fSee  Cobalt.) 

ZINC  (Spelter,  Bpelter  or  Uno  Ores,  SlMlde,  OalM" 
mine  J.  Zinc,  or  speller,  is  obtained  chiefly  from  two  minerals, 
namely,  b/enili-  or  llnik  jiK'k,  which  is  a  sulphide  of  Jiinc,  aad  ctila- 
mim;  iviiich  ifl  a  carbonate  of  zinc.  The  latter  ore  is  the  moat 
abund.int,  ami  consequently  the  chief  source  from  which  the  zinc 
or  speller  of  commerce  is  obtained. 

In  tliia  country,  bowever,  blende  ia  the  ore  generally  employed. 

The  zinc  or  spelter  of  commerce,  from  whatever  source  pro- 
duced, ia  never  pure ;  it  contains  ordinarily  about  one  per  cent,  of 
t'liui,  of  Jivd,  and  sometimes  also  some  earboity  copjier,  cadmium, 
and  ar/enk: 

The  proportion  of  iron  contained  in  7inc  amounts  sometimes  to 
S  or  6,  or  even  8  or  lo  per  cent.  ;  the  lowest  of  these  proportions 
renders  it  unlit  for  severs!  purposes:  in  that  state  it  does  not 
InminHte  well,  and  is  almost  unfit  for  zincing,  or,  as  it  is  called, 


ZINC.  429 

is  passed,  until  it  smells  strongly  of  it,  and  tbe  whole  is  left  for 
some  time  in  a  moderately  warm  place ;  lead^  copper,  cadmium^ 
and  arsenic,  if  any  be  present,  are  thereby  precipitated  in  the  state 
of  sulphides  of  these  metals,  and  may  be  separated  by  filtering. 
The  nitrate  which  contains  the  zinc  and  iron  is  then  to  be  boiled 
until  all  odour  of  sulphuretted  hydrogen  has  disappeared,  a  little 
nitric  acid  is  added  to  peroxidize  the  iron,  and  the  whole  is 
boiled.  When  the  liquor,  which  should  not  contain  too  much 
acid  (in  which  case  it  should  be  evaporated  to  expel  the  excess), 
has  cooled,  carbonate  of  barium  in  powder  is  added  in  excess,  and 
the  whole  is  thoroughly  stirred.  It  is  left  at  rest,  and  in  the 
course  of  an  hour  the  peroxide  of  iron  will  be  entirely  deposited 
in  the  state  of  basic  carbonate  of  peroxide  of  iron,  mixed  with  the 
excess  of  carbonate  of  barium  employed.  The  precipitate  is  then 
collected  on  a  filter,  and  washed. 

To  the  filtrate  dilute  sulphuric  acid  is  added,  in  order  to  precipi- 
tate the  baryta  which  is  held  in  solution,  and  after  separating  the 
sulphate  of  barium  produced  by  filtering,  the  filtrate  which  now 
contains  nothing  else  than  the  oxide  of  zinc,  is  precipitated  in  the 
state  of  carbonate  of  zinc,  by  pouring  into  it  an  excess  of  solution 
of  carbonate  of  sodium ;  the  whole  is  boiled,  and  the  carbonate 
of  zinc  produced  is  collected  on  a  filter,  and  strongly  ignited,  by 
which  the  carbonic  acid  is  expelled,  and  the  oxide  of  zinc  left 
may  then  be  weighed.  40  grains  of  oxide  of  zinc  contain  32 
grains  of  metal;  or  each  grain  of  oxide  of  zinc  contains  0*80128 
grain  of  zinc.  The  impurities  may  be  determined  by  the  difference 
of  weight. 

Analysis  of  Zinc  Ores, — Many  ores  accidentally  contain  zinc ; 
in  some  ores — for  example,  in  galena  (sulphide  of  lead)i — the  pro- 
portion of  zinc  is  sometimes  sufficiently  considerable  to  allow  of 
its  being  separated,  which  in  that  case  is  accomplished  simply  by 
washing.  On  account  of  the  difference  of  the  specific  gravity  of 
the  blende  and  the  galena,  the  two  ores  may  be  thus  most  rapidly 
and  economically  separated.  The  principal  ores  of  ;cinc  are  blende 
and  calamine,  and  they  are  the  only  ores  which  ore  worked. 

Blende  is  a  native  sulphide  of  zinc.  It  is  generally  in  amor- 
phous masses,  of  a  lameUar  or  fibrous  structure,  brittle,  generally 
of  a  black  or  greenish  colour,  to  which  circumstance  it  owes  its 
name  of  black  Jack;  frequently,  however,  it  has  a  brown  or 
ruddy  tinge,  in  which  case  it  is  known  under  the  name  of  ruby 
blende.    Sometimes  also,  but  rarely,  it  is  yellow. 

Blende  is  rarely  met  with  in  a  pure  state ;  in  general  it  is 
contaminated  by  sulpMdes  of  iron,  of  cadmium,  of  lead,  of  copper,  of 
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arsenic :   it  ninv  also,  nnd  doea  tuuallf,  contuii  aJwrnno,  tOiea, 
maipif»in,  tmi^orule  of  enkium. 

%\']ieD  1)l(!Uiie  is  obtained  from  galena,  it  \a  important  to 
ascertain  whether  it  is  aullicientlj  well  prepared  and  duly  sepa- 
rntcd  fmiii  t^ulphidc  of  lend,  for  the  latter  compound  haa  a  very 
dextruetive  anvm  upon  the  muffles  in  which  the  reductioD  is 
eirocte<l.  In  England,  well  prepared  blende  contiUDB  sometimea  M 
much  as  92  fn.'r  cent,  of  sulphide  of  zinc,  6  per  cant,  of  proto- 
sulphide  of  iron,  and  z  per  cent  of  earthy  matter;  its  specific 
prnrity  is  from  36  to  4-0.  The  U£ual  contents  of  blende  avetsga 
from  50  to  52  per  cent,  of  zinc. 

The  actual  annlTsis  of  this  ore  is  performed  as  foUnwa: — 
A  weijulied  quantity — for  example,  z;  grains — of  the  ore  are  re- 
duced into  very  fine  powder  and  dissolved  in  pure  nitric  ncid,  ot 
aqua  refiifl,  with  tht  help  of  heat.  The  sulphides  are  thereby 
oxidued.  a  portion  of  the  sulphur  being  converted  into  Bulphuiie 
acid,  whilst  another  portion  separates  at  first  in  the  shape  of  flakes 
of  ft  (zrey  colour,  but  which  gradually,  under  the  influence  of  the 
boiling  acid,  af.^lnmerate  into  lumps,  which  ultimately  assume  a 
pure  yelbiw  colour.  The  digestion  in  the  acid  should  be  con- 
tinued until  the  result  is  obtained.  The  whole  is  then  thrown 
upon  a  filler,  which  retains  not  only  this  undiraolved  sulphur, 
but  likewise  the  silica  which  was  conttuned  in  the  ore.     Tbeae  in- 
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of  iron  collected  on  the  filter  in  a  little  hydrochloric  acid. 
Ammonia  is  then  added  agiun  in  sufficient  quantity  exactly  to 
neutralize  the  acid ;  and  as  soon  as  a  few  reddish-brown  flakes  of 
peroxide  of  iron  begin  to  appear,  which  are  not  redissolved  by 
heating  the  liquor,  succinate  of  ammonium  is  added,  so  as  to  pre- 
cipitate the  whole  of  the  peroxide  of  iron  in  the  state  of  per- 
succinate  of  iron,  which  is  then  collected  on  a  filter,  washed, 
and  the  liquor  filtered  therefrom  is  added  to  that  first  obtained. 

The  whole  mass  of  the  filtrate,  which  is  strongly  ammoniacal| 
colourless,  and  ciear^  is  then  treated  by  hydrosulphuret  of  ammonia, 
which  precipitates  the  zinc  in  the  state  of  sulphide  of  zinc.  This 
precipitate,  which  is  bulky  and  white,  must  be  allowed  to  settle 
completely  before  filtering ;  the  liquor  is  then  decanted,  and  the 
precipitate  is  thrown  upon  a  filter.  It  is  necessazy  to  operate  as 
first  described,  for  otherwise  the  sulphide  of  zinc  would  soon 
block  up  the  pores  of  the  filtering^paper,  and  the  filtering  would 
then  be  exceedingly  slow  and  tedious.  By  decanting  or  filtering 
the  clear  supernatant  liquor,  on  the  contrary,  the  filtering  proceeds 
very  rapidly,  and  is  accomplished  in  a  very  short  time.  The  pre- 
cipitate should  be  washed  with  water  to  which  a  little  hydro- 
sulphuret of  ammonia  has  been  added,  and  then  digested,  whilst 
still  moist,  with  the  filter  in  concentrated  hydrochloric  acid,  by 
which  it  is  dissolved  with  evolution  of  sulphuretted  hydrogen. 
The  whole  is  then  left  to  digest  in  the  acid  until  all  odour  of 
sulphuretted  hydrogen  has  vanished ;  the  liquor  is  filtered,  and  the 
filter  is  washed  with  hot  water.  The  oxide  of  zinc  contained  in 
the  filtrate  is  then  precipitated  by  means  of  carbonate  of  sodium. 
As,  however,  the  filtrate  contains  a  large  proportion  of  ammoniacal 
salts,  the  carbonate  of  sodium  must  be  added  in  sufficient  quantity 
to  decompose  them,  and  the  whole  is  evaporated  to  dryness  in  a 
Florence  flask,  inclined  at  an  angle  of  about  45°,  in  order  to  avoid 
lots  by  spurting.  More  carbonate  of  sodium  is  again  added,  as 
long  as  a  strip  of  turmeric  paper  held  in  the  steam  issuing  from 
the  flask  turns  brown ;  or  as  long  as  white  fumes  are  observed, 
when  a  glass  rod,  moistened  with  moderately  dilute  hydrochloric 
acid,  is  held  in  the  said  steam  or  vapour. 

The  addition  of  carbonate  of  sodium  to  the  liquor  does  not  at 
first  produce  any  precipitate ;  but  by  boiling,  and  as  the  ammonia- 
cal salts  in  the  solution  are  gradually  decomposed,  a  white  pre- 
cipitate of  carbonate  of  zinc  makes  its  appearance.  The  dry  mass 
left  after  evaporation  is  then  treated  with  boiling  water,  filtered, 
washed  with  hot  water*  and  the  carbonate  of  zinc  on  the  filter 
is  then  dried,  strongly  ignited  in  a  platinum  crucible,  and  the 
oxide  of  zinc  left  is  then  weighed. 
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The  operalnr  should  not  omit  to  test  tlie  liquor  filtered  from 
the  cnrbonate  o(  tini'  |ite?ij>itated  by  CHrbunate  of  (odium  with 
]ivdro!<ulphun;t  of  aiiuii'iniA,  for  if  a  balky  white  precipitate  wer« 
then  pniduced,  it  wouM  be  a  proof  that  all  the  aalta  of  ammonia 
bRvc  ni>t  bt-cii  il' com  pitted,  and  that  cODSpquentlj  the  liquor 
ciintains  still  si>iii>-  ziiic.  In  that  caw  the  small  precipitate  Uina 
pn)durfd  ahmild  bi'  stparated  and  trented  as  above  said. 

The  carthij  an'  cimtained  in  the  liquor  filtered  from  the  Bul- 
phid>-  of  zinc  produced  by  hjdrosulp buret  of  ammonia. 

Calaminf. — This  ore  is  the  most  abundant  of  the  ores  of 
zinc,  and  it  ofti'n  conLnins  some  silicate  of  zinc,  carbonate  of  iron, 
Ciirbonnle  of  eopp-T,  iron-pvrites  and  galena.  We  give  here  the 
conipoijition  of  the  ores  of  calamine. 
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is  then  treated  by  carbonate  of  sodium,  in  order  to  precipitate 
the  zinc  as  carbonate  of  zinc,  or  it  may  be  precipitated  in  the 
state  of  sulphide  of  zinc  by  hydrosulphuret  of  ammonia,  the 
process  being,  in  that  case,  the  same  as  above  described  for  the 
analysis  of  blende. 

The  portion  which  was  insoluble  in  hydrochloric  acid  may 
be  thus  identified  as  sulphate  of  barium,  or  of  lead ;  on  moist- 
ening it  with  hydrosulphuret  of  ammonia  it  will  turn  black  if 
sulphate  of  lead  is  present,  otherwise  it  will  remain  white. 

•  Commercial  Sulphate  of  Zinc, — It  is  sold  in  colourless,  right 
rhombic  crystals,  unalterable,  or  slightly  efflorescent  in  the  air ; 
inodorous,  with  a  styptic,  metallic  taste ;  soluble  in  2  J  times  its 
weight  of  water  at  60®,  and  in  its  own  weight  of  boiling  water. 
It  is  insoluble  in  alcohol;  the  specific  gravity  of  the  crystals 
is  1*912. 

The  sulphate  of  zinc  of  commerce,  however,  is  often  found  in 
white,  sometimes  crystalline,  sometimes  amorphous  and  compact 
masses  or  cakes,  from  its  having  been  cast  into  moulds  after 
having  been  melted  in  its  water  of  crystallization.  It  is  generally 
obtained  by  roasting  blende  (sulphide  of  zinc),  and  it  contains 
ordinarily  some  magneeiaj  and  traces  oiiroti  and  oi copper.  Sulphate 
of  zinc  is  also  obtained  from  the  action  of  sulphuric  acid  upon  the 
zinc  of  the  galvanic  batteries  now  extensively  employed  in  electro- 
plating. 

Pure  sulphate  of  zinc  should  be  completely  soluble  in  water ; 
ammonia  being  added  to  the  solution,  produces  at  first  a  white 
precipitate,  but  which  an  excess  of  ammonia  should  completely 
redisdolve.  * 

The  presence  of  iron  is  detected  by  dissolving  a  portion  of  the 
sample,  and  adding  an  excess  of  ammonia,  which  will  produce 
reddish-brown  flakes  of  peroxide  of  iron.  In  order  to  ascertain 
the  quantity  of  the  iron,  a  weighed  portion  of  the  salt  should  be 
dissolved  in  water,  and  acidified  with  hydrochloric  acid,  and  an 
excess  of  solution  of  sal-ammoniac  added ;  ammonia  should  now 
be  carefully  poured  in  until  a  few  flakes  of  peroxide  of  iron  begin 
to  appear,  and  the  precipitation  of  the  iron  is  completed  by  means 
of  a  solution  of  neutral  succinate  of  ammonia,  which  produces  a 
bulky  precipitate  of  persuccinate  of  iron,  which  may  then  be 
collected  on  a  filter,  dried,  ignited,  and  weighed  as  peroxide  of 
iron. 

The  liquor  filtered  from  the  peroxide  of  iron  may  then  be 
treated  by  hodrosulphuret  of  ammonia,  and  the  analysis  proceeds 
exactly  as  described  in  the  article  on  Zinc  and  Zinc  Ores, 

When  only. a  trace  of  iron  exbts,  ammonia  may  fiul  in  showing 
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beautiful  blue  colour;  Rnd,  moi 
being  first  acidified  with  hydroch 
stream  of  sulphuretted  hydrogen, 
^  ]  If  only  a  trace  of  copper  is  present, 

i  black,  is  dark  brown. 
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GLOSSAEY, 


WITH   A   CONCISE   DESCRIPTION   OF  SOKE  IMPORTANT 

CHEMICAL   PROCESSES. 


Affinitt.  The  specific  attractioD  between  different  kinds 
of  matter,  which  results  in  the  formation  of  compounds  of  definite 
constitution,  which  cannot  be  destroyed  by  mechanical  agencies, 
and  are  for  the  most  part  dissimilar  in  properties  to  the  elements 
from  which  they  are  produced. 

Aldbhyd.  The  term  aldeht/d  is  a  contraction  of  words  which 
mean  dethydrogenated  alcohol  (alcohol  dehydrttgenatm).  The  forma- 
tion of  acetic  aldehyd  by  the  oxidation  of  alcohol  is  expressed  by 
the  following  equation  : — 

Alcohol  Aldehyd  Water 

that  is,  two  equivalents  of  alcohol,  by  the  absorption  of  two 
equivalents  of  oxygen,  lose  four  equivalents  of  hydrogen,  and  are 
converted  into  two  equivalents  of  aldehyd.  Aldehyd  contains 
therefore  two  equivalents'  of  hydrogen  less  than  alcohol.  Aldehyd 
is  a  colourless  fiuid,  possessing  a  suffocating  ethereal  odour. 

Amorphous  (from  a,  '  not,'  tiop^ri,  *  form*).  This  term  is  ap- 
plied to  a  substance  which  has  an  irregular  form  :  ior  example,  a 
lump  of  chalk. 

Aqua  Reoia.  A  mixture  of  hydrochloric  and  nitric  acids; 
so  called  from  its  property  of  dissolving  gold,  which  was  named 
by  the  alchemists  the  king  of  Uie  tnetals. 

Basb.  This  term  is  the  correlative  of  acid.  It  is  generally 
applied  to  alkalies,  earthy,  and  salifiable  metallic  oxides,  which 
are  looked  upon  as  the  bases  of  the  compounds  (salts)  resulting 
from  their  union  with  acids,  &c.    Its  signification  varies^  howe^^t^ 
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to  H  certnin  extent,  accordlDg  to  the  view  taken  of  the  conititntios 
□r  ink.'. 

ItLACK  Fr.rx  is  mnde  b^  miziag  thoronghlj  two  puta  of 
piilTerir.ed  fnr/iir  (bi'lartrate  of  pUiuintm),  and  deflagrating  tliH 
ini-vtiin-  in  snccessive  portions  m  u  iron  ladle  or  in  a  crucible. 

Hi^iW-i'ii'R  Tilt  name  of  a  utefnl  little  inatniment  for  Mib- 
mittiii^^  smnll  »itb.-<tnnc'e»  to  a  bif^h  temperature.  The  moat  umple 
fiimiof  blow-pipH  i»  R  conical  tube  of  japanned  tin-plate  or  brasa, 
nhiiut  s^vi'n  inrljes  Inn^,  bent  nearlj  at  a  right  angle  about  two 
ini-hi'4  fmni  tbt:  narrow  end;  but,  ai  during  the  operation  of 
bl'ii\-iii^'  t'roui  ibe  mouth  aqueous  rapour  condenses,  and  U  driren 
tlitoii^b  the  Ji't  with  tha  gtteam  of  air,  various  contrivnncea  have 
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respiration  being  carried  on  through  the  nostrils.  The  descripN 
lion  of  the  method  of  blowing  through  the  pipe  is  far  more  diffi- 
cult than  its  acquisition.  It  is  necessary,  in  the  first  place,  to 
acquire  the  habit  of  keeping  the  cheeks  distended  with  air  whilst 
respiration  goes  on  in  an  unimpeded  manner  through  the  nose, 
and  to  open  and  close  the  communication  between  the  mouth  and 
the  lungs,  and  between  the  lungs  and  the  air,  at  pleasure.  When 
this  habit  is  gained,  no  difficulty  is  experienced  in  keeping  up  a 
long  and  continuous  stream  of  lur  without  fatigue. 

The  fuel  for  supplying  the  flame  for  the  blow-pipe  may  be 
either  that  of  a  candle  with  a  thick  wick,  or  olive  or  refined  rape-oil. 


Tm,  )o. 


Berzeltus*8  lamp  is  shown  in  ^g,  29.  The  vessel  containing 
the  oil,  a,  is  adapted  to  a  vertical  support,  e  d ;  the  oil- vessel  is 
furnished  with  two  apertures,  c  and  b,  each  of  which  may  be 
closed  by  a  cap ;  the  fuel  is  supplied  through  Cj  and  the  wick  is 
introduced  through  the  aperture  b.  If  a  candle  be  employed  it 
should  be  snuffed  rather  short,  and  the  wick  turned  on  one  side 
towards  the  object,  so  that  part  of  it  may  lie  horizontally.  The 
stream  of  air  from  the  blow-pipe  must  be  blown  along  the  hori- 
zontal part,  as  near  as  possible  without  striking  the  wick. 

To  understand  the  method  of  managing  the  blow-pipe  requires 
a  knowledge  of  the  properties  of  the  different  parts  of  a  fiame^ 
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-which  may  beat  be  atuttied  on  that  of  d  Bteady-bomitiff  cwidle. 
rig-.  30  represenu  siich  a  flame,  which  vill  be  found,  on  examina- 
tion, Id  conEiKt  of  fnur  diiitiDct  parts.  Thebaae,  dd^ia  bright 
blue:  it  IB  here  that  oijgea  enters  theflarae;  the blae  colour, 
which  ia  prwlaeed  by  the  thorough  eonibustion  of  the  carbon  of 
the  fuel,  djsappeara  ae  the  flame  elongates,  giving  place  to  a 
thin.  Bcitrc^Iy  visible  conting,  bb'.  Chemical  action  is  here  moat 
intense,  and  this  exterior  mantle  is  the  hotteit  part  of  the  flama. 
In  the  Tory  centre  of  the  flnme,  auirounding  the  wick,  is  a  daric 
conical  sprit,  n ;  this  is  the  magazine,  as  it  were,  of  the  inflammable 
gflses  deriied  frnm  the  decomposition  of  the  tallow ;  it  is  abut 
out  frnni  nil  communication  with  oxygen,  and  the  combustible 
fosei  cnn^vqiienlly  remain  unbumed.  Surrounding  this  dark  por- 
tion ii  nn  intensely  luminous  envelope,  cc".  It  is  here  that  the 
infliinimable  ccnnpounds  of  carbon  and  hydrogen  are  decompoaed ; 
the  hy(Ir"p:cn  burns  into  water ;  but  the  carbon,  not  meeting 
with  a.  suthcifnt  supply  of  oxygen  to  eflect  its  oxidation,  separates 
in  a  state  of  intense  ignition.  A  few  simple  experiments  will 
serve  to  elucidate  the  above  description. 

The  hollow  structure  of  the  flame  is  proved  by  bringing  down 
upon  it  ft  piece  of  thin  glass  or  wire  gauze,  and  viewing  the  sec- 
tion of  tlie  llftine  from  above.  That  thia  hollow  is  filled  with 
ijiflftiii  111  able  gnses  is  demonstrated  by  carefully  introducing  into 
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is  introduced  about  one-tenth  of  an  inch  within  the  flame,  inl-^ 
mediately  above  the  wick,  and  a  gentle  and  uniform  current  of 
air  kept  up  from  the  mouth.  The  heat  is  greatest  at  the  extremity 
of  this  flame ;  but  to  obtain  the  greatest  oxidizing  power,  the 
subject  of  experiment  should  be  kept  as  far  from  the  apex  of  the 
flame  as  is  consistent  with  a  sufiiciently  elevated  temperature.  A 
too  powerful  blast  must  be  avoided,  as  tending  to  cool*  the  flame 
and  to  injure  the  process  of  oxidation :  the  aperture  in  the  nozzle 
of  the  blow-pipe  must  not  be  too  smalL 

Fig.  31  shows  the  form  which  the  flame  should  assume  when 
oxidizing  effects  are  deured ;  the  blue  dart,  a,  b,  is  the  lower  blue 

Fia.  3z. 


exterior  part  of  the  flame  in  its  natural  state,  now  concentrated 
in  the  interior.  The  r^dadmg  Jtarm  is  more  difficult  to  obtain ;  the 
jet  of  the  blow-pipe  must  not  be  introduced  into  the  flame,  but 
kept  just  on  its  edge ;  and  the  stream  of  air,  thrown  higher  over 
the  wick  than  in  the  oxidizing  flame,  the  whole  of  the  luminous 


Fig.  3a. 


portion  thus  becomes  deflected,  and  appears  as  a  long  narrow 
cylinder  surrounded  by  a  feeble  luminous  mantle.  It  is  in  the 
luminous  portion,  consisting  of  partially  consumed  combustible 
^'matter,  strongly  disposed  to  combine  with  oxygen,  that  reduc- 
tions are  effected,  and  the  assay  must  be  entirely  surrounded  with 
it    Fig  32  may  serve  to  convey  some  idea  of  the  general  ap- 
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punrmice  of  the  reducingr  flame.  If  ft  lump  or  CAodle  be  lued 
Mi-  I'litl.  aitirnlioii  niuM  be  paid  to  Ibe  conditinQ  of  the  wick,  wbich 
mun  be  or  moderate  len)|rtb,  and  verj  evenlj  Bud  nnoothly  cut. 
Tb«  (iriKce  "t  tLc  jet  of  tbe  blow-pipe  abould  be  smaller  than  when 
(ixiilutiun  ie  tbe  object,  Rud  the  blast  must  be  moderately  strong 
mid  uji ill tpmi pled.  AVhen  tbe  subject  of  the  ezperimeiit  has  to 
bi;  i-riliK-ed,  cliiirenRl  is  emplojed  as  the  support ;  bat  when  tbe 
iibjiH't  ii>  to  niCertain  what  coloured  bead  it  produces  when  fiuad 
wiili  burax  ur  miiTDCiMiiiic  salt,  a  platinum  wire,  curved  at  one 
<-iii1,  niny  bu  adv-Rtita^'enu^ly  employed.  It  should  be  about  two 
iiu-heH  liHig.  and  attached  to  a  small  glass  tube  as  a  handle.  In 
ii^'iii}.'  tlief-e  wirt;8  the  honk  b  moistened  in  the  mouth  and  then 
di)i{H-d  inin  the  pounded  fuaed  boras  which  is  melted  in  the  flame 
Intel  n  clenr  head;  when  cool  it  is  again  moistened,  a  minuta 
ijitimtity  or  the  sdbslnnce  to  be  examined  caused  to  adhere  to  it, 
Hiid  1)olh  fused  together. 

Ii  i.j  frequently  required  to  beat  the  substance  with  nitrate  or 
bUiiljiheto  of  pninsaium  ;  this  is  done  in  the  small  platinum  epoon 
<  tig.  33),  of  which  it  is  coDveoient  to  hare  two  siiee — one  about 
iiine-.«i\teentba  of  ao  inch  in  diameter,  for  melting  eubstancea  with 
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the  upper  surface  of  the  press  is  then  stamped  horizontally  on  the 
clay  mass  as  &r  as  is  required.  This  being  done,  the  superfluous 
clay  will  have  exuded,  and  the  handle  or  upper  part  of  the  ap- 
paratus can  be  removed  easily  by  careful  turning ;  with  a  ^all 
knife  the  clay  which  is  driven  out  may  be  cut  away,  and  it  can 
then  be  seen  whether  the  basin  is  sufficiently  thin  and  uniform ; 
if  so,  the  slip  of  paper  is  gently  pulled  and  the  dish  extracted. 
After  a  few  hours*  drying,  the  paper  detaches  itself  from  the  little 
clay  dish;  which  is  then  heated  to  redness  in  a  platinum  crucible. 
These  basins  should  not  exceed  one  thirty-second  of  an  inch  in 
thickness,  and  the  proper  consistence  of  the  clay  is  soon  ascer- 
tained ;  if  the  edges  of  two  of  these  little  vessels  be  ground  with 
a  file,  one  may  serve  as  a  cover  to  the  other. 


FlO.  36. 


Fig.  35. 


The  steel  mortar  (fig.  36)  is  an  apparatus  of  great  use  to  the 
blow-pipe  and  mineral  analyst.  It  consists  of  three  separate  parts. 
The  lower  portion  is  a  shallow  dish  of  steel  into  which  a  massive 
hollow  hemispheral  cylinder  also  of  steel  is  accurately  fitted  by 
grinding ;  the  upper  portion  is  a  solid  cylinder.  When  a  minertd 
has  to  be  crushed,  it  is  introduced  into  the  bed  of  the  mortar ;  the 
solid  cylinder  is  then  replaced  and  struck  forcibly  several  times 
with  a  wooden  mallet,  by  which  it  is  reduced  to  a  coarse  powder, 
and  may  afterwards  be  brought  to  an  impalpable  powder  by 
grinding  it  in  an  agate  mortar. 

Bulk.     See  Volume, 

Cellulose  and  Liokine.    Cellulose,  or  ceUular  Usaue,  is  coxa- 


Teloped  in  nttacbin^  iWelf  to  thow  j 
ue  modiGod  in  this  proceas :  somet 


GL06SABT. 


443 


perlj  so  called.    Sometimes  they  affect  the  form  of  oblong  vessels 
connected  at  the  ends,  as  is  shown  in  the  longitudinal  and  trans- 
Terse  sections  of  the  stalk  of  asparagus  (figs.  38  and  39), 
and  in  fibres  of  hemp  or  flax  (fig.  40),  or  of  cotton,  (fig.    fio.  41. 
41).    In  such  cases  they  are  called  vtucular  twue. 

As  the  plant  advances  in  age  the  coating  of  lignine 
encrusting  the  inner  surfaces  of  these  yet'sels  becomes 
thicker  and  thicker,  leaving  less  and  less  open  space 
within  for  the  circulation  of  the  sap.  This  combination 
constitutes  what  is  familiarly  known  as  wood. 

Cellulose  is  almost  pure  in  the  hairy  matter  of  the 
cotton-plant,  in  hemp,  in  flax,  and  in  artificial  substances 
derived  from  these,  such  as  paper,  and  the  rags  from 
which  it  is  made.  It  is  all  but  absolutely  pure  in  the 
Swedish  filtering-papers.  To  obtain  it  chemically  pure 
it  is  only  necessary  to  treat  these  bodies  successively 
with  water,  alcohol,  ether,  the  weak  acids,  and  dilute 
alkalies. 

Pure  cellulose  is  white,  solid,  translucent,  insoluble 
in  water,  alcohol,  ether,  and  the  oils  fixed  and  volatile. 
Its  composition  is  expressed  by  the  formula  0^  Hi^  O5. 

The  dilute  acids  and  alkalies  have  but  little  action 
upon  it  Its  resistance  to  these  reagents  varies  with  its 
age,  the  fresh  and  recently  formed  being  more  easily 
afiected  than  the  old  and  more  cohesive.  Concentrated 
sulphuric  and  phosphoric  acids  produce  remarkable  effects  upon 
it,  converting  it  first  into  dextrine  ondi  then  into  glucose,  A  mix- 
ture of  sulphuric  and  fuming  nitric  acids  converts  it  into  pyroxyUne 
or  gun-cotton.  At  a  boiling  heat  nitric  acid  dissolves  it,  oxalic  acid 
being  formed.  Acetic  acid  is  without  action  on  it,  but  it  dissolves 
completely  in  an  ammoniacal  eohdion  of  oxide  of  copper. 

When  cellulose  has  been  disintegrated  by  sulphuric  add  it  is 
rendered  blue  by  a  solution  of  iodine — a  property  which  indicates 
its  close  relation  to  starch,  with  which  it  is  isomeric  This  re- 
action serves  to  distinguish  cellulose  from  certain  nitrogenised 
membranes,  which  do  not  possess  this  property. 

Lignine,  which  lines  and  encrusts  the  woody  cells,  is  produced 
from  the  organic  compounds  dissolved  in  the  sap.  Its  structure 
is  illustrated  in  fig.  42,  which  is  a  microscopic  view  of  the  trans-  ■ 
verse  section  of  oak.  The  bluck  parts  show  the  canals  which 
remain  open  for  the  circulation  of  the  sap  within  the  lignine, 
some  of  which,  such  as  a,  a,  a,  being  mucb  larger  than  others, 
are  the  chief  conduits  of  that  liquid. 

The  structure  of  the  trunk  of  a  tree  being  produced  by  the  an- 


niml  fiirmntion  ofmntter  collecting  in  a  miccegmon  of  cylindncal 
ebulU,  oiiu  outside  nnother,  it  follows  that  the  central  part  ia  the 
oldest,  and  the  exterior  part, 
immediatelj  within  the  bark, 
the  youngest  and  most  recent. 
As  the  incrustation  of  lignine 
augments  with  nge,  it  f«llowB 
that  the  central  part  must  al- 
ways be  more  dense  than  the 
external.  The  latter,  therefore, 
having  more  open  spaces  for 
^  the  circulation  of  Uie  sap,  is 
jA  denominated  snp-aiood,  the 
^  central  and  more  dense  part 
being  called  the  heart. 

The  lignine  being  friable, 
can  be  separated  from  toe  cel- 
lulose by  bruifing  and  dfting. 
It  contains  a  greater  propor- 
tion of  hydrogen  than  the 
cellulose,  end  gives  more  heat 
in  combustion.  For  the  same 
greater  proportion  of  lig- 
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(HgSO^)  are  hydrogen,  sulphur,  and  oxygen ;  the  constituents  of - 
sulphate  of  potassium  (K|SO^  are  potassium,  sulphur,  and  oxygen. 
Ckucibles.  By  this  name  are  designated  those  vessels  in 
which  substances  are  subjected  to  high  temperatures.  They  vary 
considerably  in  material  as  well  as  in  shape.  Those  most  com- 
monly employed  in  the  laboratory  are  the  following : — 

a)  The  Hessian  Crttcihle,  to  which  preference  is  almost  always  - 
given  where  earthen  vessels  are  required.    They  are  triangular  in 
shape,  and  will  resist  a  high  temperature,  as  well  as  the  action  of 
fluxes. 

b)  TJie  Cornish  Crudbk,  These  are  generally  round,  and  are 
provided  with  covers.  In  power  of  resisting  high  temperatures 
and  the  action  of  fluxes  they  are  nearly  equal  to  the  Hessian, 
from  which  they  are  distinguished  by  their  colour  being  white. 

c)  The  Blue-pot  or  BlacMead   Crucible,    These  vessels  are 
made  of  a  mixture  of  blavk-lead  mid  clay,  and  are  generally  of  a 
large  size,  being  used  principally  in  the  arts.    They  bear  a  very ' 
high  temperature,  and*  withstand  the  action  of  fluxes. 

Crucibles  made  of  Berlin  ware,  biscuit  porcelain,  and  Meisser 
ware,  are  also  much  used.  They  are  made  very  thin,  and  will  stand 
a  high  temperature.  The 
most  convenient  shapes  are 
shown  in  figs.  43  and  44. 
Besides  these  a  crucible  and 
cover  of  platinum  is  ipdis- 
pensable  to  the  analytical 
chemist  This  valuable  vessel 
should  be  used  with  care; 
it  should  never  be  exposed 
unprotected  to  the  fuel  of  a 

furnace ;  and  when  a  very  high  temperature  is  required,  it  should 
be  inserted  into  a  Cornish  crucible,  the  intervening  space  being 
filled  up  with  magnesia.  A  pure  silver  crucible  may  in  some 
cases  be  substituted  for  one  of  platinum ;  but  it  must  be  borne 
in  mind  that  silver  is  far  more  fusible  than  platinum. 

Fusible  metals,  or  compounds  of  metals  likely  to  be  reduced, 
must  never  be  heated  in  vessels  of  silver  or  platinum,  as  the 
alloy  formed  greatly  injures  them.  All  compounds  of  lead  must  be 
carefully  avoided. 

Crystallization.  Most  bodies,  whether  simple  or  compound, 
in  passing  from  the  fluid  to  the  solid  state,  manifest  the  peculiarity 
of  structure  which  is  expressed  by  the  term  crystalline,  and  great 
numbers  are  found,  especially  in  the  mineral  kingdom,  naturally  in 
this  condition.    When  a  body  in  this  state  is  broken,  its  surface- 


Fio.  43. 


Fia.  44. 
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f  f  fracture  will  preMnt  the  appeinnce  of  «  mnltitade  of  pointed 
Bsperitiea  irlikh  will  nt  first  seem  to  be  irregular,  but  when  sab- 
iiLittud  to  the  micro9F<>pe  will  be  found  to  hare  a  certain  uaironu 
geometrical  structure. 

When  a  crr^italline  body  U  split,  it  ii  fjund  that  its  dirinon  is 
miK'h  inure  easily  efTccled  in  aoioe  dinKtioDs  than  in  others,  ijuch 
direclions  are  called  planes  of  cleaaagt,  and  are  in  fact  parallel  to 
the  faces  i)f  the  component  crystals. 

The  relntiva  direction  of  the  planes  of  clesTage  supply  one  o( 
tlie  nienns  of  determiuinj;  the  forms  of  the  ciystals. 

The  exposition  of  the  properties  of  crystals  forms  the  part  of 
physi^ral  science  called  cryitaUmjraphy,  nnd  the  processes  hy  which 
inHlies  are  reduced  to  the   crystalUied  state  are  called   cryttal- 

Cri/Kl/tllizaliun  may  be  produced  artificially  by  four  methods. 

I.  Ill/  fttsiott.  If  a  body  be  fuoed  and  then  permitted  to  cool 
by  slow  di'irrees  until  it  be  solidified,  it  will  crystalliia. 

]'ix. ;  If  sulphur  he  melted  and  left  to  cool,  a  solid  crust  will 
be  formed  upon  it.  If  this  he  broken  and  the  sulphur  which  is 
stilt  liquid  he  poured  ofi',  a  beauUfuI  wall  (4  crystals  will  be  seen 
attached  to  the  oides  of  the  vessel. 

3,  By  volalUi^l.ion.  CertaiD  solids,  when  their  temperature 
is  rai.-<ed  to  a  piiint  below  tiiuir  point  of  fusion,  are  volatiliied. 
Their  vapour  tliua  produced,  being  condensed,  forms  crystals. 
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Cryri^dkne  Sydatu.  Altboufrh  thej  tK  inGnitelj  Tsrioiuy 
crjstitUuie  forms  hnTe  tmiiii  reduced  to  r  verj  limited  number  of 
cImbcs.  Some  forma  are  mere  niodificetiona  of  others  uf  a  more 
•imple  DHture.  Others  are  produced  bj  tbe  combiuHtioa  of  the 
more  simple  forms. 

Centre.  Witbin  every  crystal  there  is  a  rertvn  point  which 
dirides  into  equal  parts  ererj  line  pasaiiig  through  it  and  tarmi- 
nated  in  tbe  fsces  or  edges  of  the  crystal.  This  point  is  called 
tbe  centre  of  tbe  crystal,  iiam  its  analogy  to  tbe  centre  of  a  circle, 
which  divides  the  dismeters  into  equal  parte. 

Diametert.  Lines  passing  through  the  centre  and  temtinaied 
in  the  crystnl  are  called  diamelen. 

Axe*.  IKameters  so  placed  that  a  plane  psssing  through 
them  will  divide  tbe  crystal  into  equal  and  similar  solids,  are 
cnllad  axet.  The  crystal  is  therefore  disposed  ■ymmetrically 
around  esch  of  its  axes. 

These  nzes  sre  distinguished  hy  very  important  optical  pro- 
perties, which  often  serve  as  a  convenient  method  of  determining 
their  direction, 

All  tbe  TsrietM  of  crystalline  forma  have  been  reduced  to  bix 
class^  called  ayttailine  tytttma,  which  are  severally  characterised 
hy  the  number,  relative  position,  and  relative  length  of  the  axes. 

I.  The  reyviar  n/eUm  has  three  equal  axes,  each  of  which  is  at 
right  angles  to  the  plane  of  the  other  two. 


This  system  includes  the  mtbtt  or  r^ular  hexahedron  (fig.  4^), 
which  has  several  systems  of  nxes.  Thus  tines  joining  tbe  centres 
of  tbe  square  faces,  and  lines  joining  tbe  oppowte  angles,  are  axes. 

It  also  includes  the  rtyular  odohedrtm  (fig.  46),  the  axes  of  which 
are  lines  joining  the  opposite  angles.  Also  the  regular  rhombic 
dodecahedron  (fig.  47J,  the  regular  tetrahedron,  whose  faces  are  four 
equihtteral  triangles  (fig.  48),  and  vrLrious  other  forms  derived  tram 
these  by  moditioation  or  combination. 

3.  The  tquare  prutnatic  tyitem  takes  its  name  from  the  square 


pular  bane,  wUch  is  one  or  its  formB.  The  priDcipnl  axii  ii  the 
axis  of  the  prism  and  th«  lines  joining  the  cenlres  of  the  oppoute 
lateral  &ces. 


Anatht^r  rorm  of  this  svBleai  ia  Ilie  nght  ocUi/itdron  with  a 
rhombic  base  (fig.  54),  oonsisting  of  two  right  trinngiilar  pyramidH 
haring  a  common  rhomboic  base.  The  axis  of  the  pyramids  it 
the  principal,  and  the  dingonals  of  the  base  the  secondary  axes. 


5.  The  oblique  pritmaiic  tytttm  has  three  unequal  axes,  two  of 
which  are  oblique  to  each  other,  the  third  being  perpendicular  to 

This  system  takes  its  name  from  the  obliqae  rfctangular  primi, 
whose  base  is  a  rectangle  with  unequal  sides,  its  axis  being  in- 
clined to  the  base.  Tba  axis  of  the  prisni  is  the  principal,  and 
the  lines  joining  the  centres  of  its  oppoMte  lateral  fiices  the 
Secondary  axes. 

The  octohedron  (fifr.  55),  consisiing  of  two  scalene  trimigular 
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pyramiiU  with  a  rectangle  u  %  commoD  bnae,  belongs  to  tlui 

6.  T/ie  dutihlij  oi/i'7»«prann(rfic<yriem  has  three  unequal  Bxe^. 
each  (if  which  ia  inclined  to  the  plane  of  the  other  two. 

This  eystem  includes  the  oblique  pritm  with  »n  oblique  paral- 
lelogram as  a  base :  the  octohedtoa  cotuisU  of  two  ecalene  trian- 
gular pyramids  mtb  Ein  oblique  paniUelogTam  as  their  commoa 
hwe. 

The  following  are  examptet  of  the  cryatalline  form*  of  the 

[.  Regidai-  ti/stfin.     Moat  of  the  metala,  dtamoud,  salt,  alum, 
garnet,  tluoi^par,  galena, 

2.  Square  pfitiiiatie.     Zircon,   tinstone,   npopbjllite,   fem>- 

cyaoide  of  potasuum. 

3.  Rhumbuheilral.     Ice,  calcareous  spar,  nittKte  of  soda,  nick 

crvstal,  nraenic,  antimony. 

4.  Itiyht  jirismatii:      Sulphur  (at  low  temperature),  nitre, 

iodint',  sulphates  of  potassium  and  barium. 

5.  Otli'iiie piKnintic.     Sulphur  (b; fusion), realgar,  aulphate, 

cai'bouate,  aud  phosphate  of  sodium,  borax,  green  vitriol. 

6.  Dnublif  oblique  prilmalic.     Sulphate  of  copper,  nitrate  of 

bismuth,  quadroxslate  of  potassium. 
When  the  same   body  is  capable  of  crva uniting  in  diflereul 
'         '  ■  ■      1  l)i;    i/n., 
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but  it  is  neceMary  to  diitjof^ish  cuefall;  betwera  the  wnter 
irbich  A  BubstjuicB  mny  coDtain  id  Hcddental  admiiture,  and 
thfit  nbich  bel'>nKS  to  it  eitentuilh/,  beiDg  a  part  of  ita  conatitU' 
tioD.  In  tbe  pt^limiaarj  operatioii  of  dijing,  this  latter  -water 
muHt  not  be  interfered  with. 

The  preparation  of  effioreteent  and  deHquMcent  cryntals  in  a 
state  fit  for  analjais  in  rather  difficult  It  ia  obvioiulj  inadmiaaible 
to  expow  tbem  to  the  air;  thej  mnat  therefore  be  deprived  of 
their  irater  of  admixture  b;  presfuDg  them,  in  a  finely  divided 
state,  between  folds  of  bilulaua  paper,  until  there  are  no  longer 


signi  of  moiature  on  the  latter.  There  are  manj  substances,  par- 
ticularly such  HB  are  of  an  orfranic  nature,  which  thoagh  thej  do 
not  lose  their  water  of  admixture  in  a  dry  atmosphere  at  common 
temperatures,  cannot  nevertheless  be  exposed  to  the  temperature 
of  212°  F.  without  undergoing  decompoution.  The  denccatioD 
of  such  subetaBce*  nay  be  effected  by  placing  them  Id  a  -watcb- 
idttm,  over  a  shallow  basin  containhifr  atrntiR  <hI  of  vitriol,  dd- 
demeatb  thn  receiver  of  an  air-pump,  and  exhanatinK'  tba  air. 
Tba  arrangement  is  shown  in  Sg.  56;  or,  more  simplj  and 
without  the  emploTBient  of  tbe  air-pimi^  bj  suspending  the  snb- 
atancea  in  a  watch  glass,  d  (fig.  57),  over  the  surface  of  oil  of 
vitriol  contained  in  a  beaker,  the  edge  of  which  ia  ground  so  that 
it  maj  be  closed  accurately  by  the  ground-glass  plate,  b,  in  the 
centra  of  which  is  inaeitad  tbe  cori^  e,  from  which  the  support 
containing  the  watch-glass  hangs. 

SubstADcee  which  will  bear  the  heat  of  boiling  water  may  be 
dried  in  the  water-oven,  B  (fig,  59).  . 


■ch 
be 

heldti 

ttun  of  veighiog  bj  a  cliup,  aa  si 
ttim  pent  ore  thtin  boiling  w&ter  k 
lillud  with  a  fixed  oil,  sucb  u  oli' 
re{pilat«d  b;  thermumeler.     The  i 
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Fig.  6 1  represents  a  very  useful  coDtrivance  for  diTing  sab- 
BtanceB  at  any  required  temperntiire.  It  coiiMBts  of  a  cjlmdrical 
boi  of  copper,  provided  with  Fm.fc. 

a  jacket  or  double  caaiap, 
uid  a  fnlse  bottom  pierced 
with  holeH  for    thi 
equable     di  Susion 
through  the  ii 
'   also   provided   with    a  tal 
cbimDey,    to    determine  i 
strong  current  of  air  through  the  chamber,  and  a  theimoaieter 
for  regulating    the  temperature.     The  substancea  to  be  dried 
are  placed  in  aishes  or  watuh-glasses, 
on  a  trellia-work  of  copper  or  iron,  ^°-  *'■ 

placed  about  ao  inch  above  the  false 
bottom.  Bj  carefully  adjusting  the 
tlams  of  the  oil  or  gns  lamp  placed 
underneath,  it  is  eas;  to  maintwn, 
for  tmy  leogth  of  tima,  a  perfectly 
uniform  heat. 

In  fig.  61  is  shown  an  arrange- 
ment for  drying  substances  in  a 
current  of  dry  air,  produced  by  the 
efflux  of  water.  The  substance  is 
introduced  into  a  small  bent  tube, 
(',  which  has  been  weighed.  The 
body  of  this  tube  ia  plnoged  into 
the  copper  water-bath,  b,  charged  i 
with  H  saturated  soluliou  of  com-  I 
mon  salt;  it  is  kept  in  its  place  by  l 
a  cover  furnished  with  two  aper-  i 
tures,  to  receive  the  arms  of  the  ^ 
drying-tube ;  the  wider  arm  ia 
united  by  means  of  a  bent  tube, 
and  a  caoutchouc  connector,  with  a 
tube  containing  fragments  of  chlo- 
ride of  calcium;  and  the  narrowerarm 
isconnectedwithanotherchlorideol  ^ 
calcium  tube  bent  at  light  utgW 
ao  as  to  puss  through  the  cork  of  the  atpirator,  a,  and  reach  duwu 
nenrly  to  its  bottom.  This  aspirator  is  filled  with  water,  and  on 
exhausting  the  siphon  it  flows  out  in  a  small  stream,  which  maybe 
regulated  by  the  cock,  a,  its  place  being  supplied  by  the  air  drawn 
through  c,  and  which  becomes  dried  during  its  paasage  through  the 


lit 
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In  fig.  6j  is  BhowQ  on  (urw 
quirpd  Umperuture,  in  vacuo.  T 
tube,  e,  which  pfi8»ee  through  a  co 
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is  produced  in  the  tube ;  and  by  means  of  the  stopcocks,  a  and  c, 
air  may  be  admitted  from  time  to  time,  which  becomes  deprived 
of  all  moisture  previous  to  entering  the  tube  containing  the  sub- 
stances, by  passing  over  the  chloride  of  calcium  tube,  d.  In  cases  in 
which  it  is  desirable  to  exclude  atmospheric  air,  the  substance  to 
be  dried  may  be  placed  in  a  flask  immersed  in  an  oU-bath  provided 
vrith  a  thermometer,  and  a  current  of  hydrogen  or  carbonic  acid 
drawn  from  a  reservoir  through  the  left-hand  chloride  of  calcium 
tube  (fig.  64),  by  means  of  an  exhausting  syringe  connected  with  the 
chloride  of  calcium  tube  on  the  left  hand.  The  tor  in  the  flask  is., 
rarefied  by  a  few  strokes  of  the  piston ;  the  cock  of  the  syringe 
is  then  closed,  and  that  communicating  with  the  gas  reservoir 

Fio.  64. 


opened,  upon  which  a  current  of  dry  gas  enters  the  fiask.  This  ope- 
ration is  repeated  two  or  three  times,  till  the  apparatus  is  com- 
pletely filled  with  dry  gas.  The  oil-bath  is  now  raised  to  the  re- 
quisite temperature,  the  flask  is  again  exhausted,  fresh  dry  gas 
being  again  admitted.  In  about  one  hour  the  desiccation  will  be 
complete. 

In  substances  which  will  bear  a  red  heat  without  decomposi- 
tion, the  amount  of  water  they  contain  may  be  determined  by 
heating  them  in  a  tube  with  perfectly  dry  carbonate  of  lead,  and  re- 
ceiving the  water  in  a  properly  arranged  chloride  of  calcium  tube. 

Dextrutb.  The  name  of  a  species  of  gum  into  which  starch 
is  converted  by  heating  it  in  an  oven,  and  which  is  extensively 
used  by  calico-printers,  &c.,  under  the  name  of  British  gum.  Its 
composition  is  expressed  by  the  formula  (CeHioOj).  It  derives 
its  name  from  its  efiect  upon  polarized  light,  its  solution  tuminj: 
ing  the  plane  of  polarization  to  the  right. 


cement,  tbe  junction  bring  made  tight  bj 
or  sheet  caoutchouc,  and  the  eod  of  this  t 
vesMl  into  vhich  tbe  distilled  products  i 
is  plunged  into  a  baun  of  cold  watnr. 
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BOOH  become  Mturated,  and  the  wktet  will  run  doi^  to  the  towj 
from  which  it  will  deocaod  and  be  caught  in  a  vesael  plnced 
beoekth  ;  and,  provided  it  does  not  flow  in  too  rapid  aatieajn,  nooe 
will  enter  the  floik. 

In  casee  nhera  the  products  are  uot  easilj  condeosed,  Liebio's 
condenser,  shown  in  tig.  66,  is  a  very  useful  and  convenient  nr- 
mngement,  and  m  applicable  in  all  cases  where  an  open  apparatus  ii 
inadmifeibin.  The  condenser  is  a  hollow  metallic  or  glass  cylin- 
der, through  the  centre  of  which  a  glass  lube  passes,  bebg  fixed 


water-tight  by  means  of  perforated  corhs  covered  with  cement. 
This  tube  is  connected  either  by  a  cork  or  by  tubing  with  the  beak  of 

the  retort ;  a  conetunt  stream  of  water  is  caused  to  flow  from  the 
reservoir  placed  above,  down  the  funnel,  thus  entering  the  cylinder 
at  its  lowest  part.  Tlie  water,  warmed  by  the  condensation  of  the 
vapour,  flows  out  through  the  vertical  tube  underneath  the  upper 
part  of  the  cylinder;  the  whole  apparatus  is  thus  kept  constantly 


to  conduct  the  gaseous  products  of  distilla- 
nlng  water  or  other  liquids,  as  in  the  pre- 


Bide  and  coenected  hj  tiibea  in  sucb 
ginating  in  one  vebacI  descends  nevl 
foltowiDg  it.  A  aimple  iospectioD 
direction  in  which  the  current  ia  su 
baTing  acted  on  the  water  or  «olutioi 
through  the  bent  tube  into  the  aecoi 
This  arrangement  has  received  the  ua 
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tmdeitlieshelfof  thehjdro-pDeuinaticoT  tbemiurcario  pDeumtitio 
trouf^b.  When  the  operotioD  ia  condilicted  od  s  amall  ksId,  tho 
receiver  miif  be  made  out  of  a  piece  of  tube  bent  in  the  manner 
repreeented  in  fig.  68.  The  dietillatiou  ia  conducted  preciaelj  in 
the  same  manner  u  with  an  ordinary  retort  and  receiver. 

EIFLOBKSCSNCK  (from  tffioreictre,  to  bloaaom).  FonOBtion  of 
ginall  acicular  cr^BtslB,  like  a  fine  inoaa  or  mouldiDeM,  on  the 
surface  of  bodies,  which  ia  produced  by  the  evaporation  or  lou  of 
water  from  ealine  luhstHiices, 

Eluteiatiom  (from  ijArToo",  aqaedaet)  Bipiifies  to  decant  from 
one  veasel  into  another.  By  this  procesa  a  mixture  of  hesvy  and 
light  particles  may  be  separated  from  each  other  by  stirring  the 
mass  with  water  and  carefully  decanting  it.  The  water  caniea  off 
the  lighter  paiticlea,  wbiUt  the  heavier  paita  subude  to  the  bottom. 
Metallic  OTes  are  separated  from  their  gtmgue  in  this  way. 

EMFTBECtif&Tic  (from  ltiBiioi<a,  I  bum).  Name  of  a  disagreeable 
and  peculiar  odour  produced  by  submittiug  organic  subetuicee  to 
destructive  heat  in  close  vessels,  and  thereforu  out  of  contact  of 

FiLTEH,  a  i^rotrw.  To  filter  ia  to  strain  tbroagh  linen,  paper, 
OF  any  suitable  material.  This  ie  an  operation  of  constant  occur- 
rence in  analytical  experiments.  It  consists  in  separating  thesolid 
particles  which  may  be  mixed  up  with,  or  suspended  in  a  liquid. 
This  is  generally  effected  by  cutting  circular  discs  of  good  white 
filtering-paperof  the  required  size,  and  folding  it  twice  in  opposite 


directions,  so  as  to  bring  the  four  quadrants  together ;  one  quadrant 
is  then  opened  out  from  the  three,  so  as  to  produce  a  conical  cup, 
as  shown  in  fig.  69,  The  paper  thus  prepared  is  placed  inaide  a 
glass  funnel,  taking  care  that  it  does  not  extend  beyond  or  even 
qaita  reach  the  edge  of  the  funnel  In  qualitatire  experiments, 
where  it  is  desirable  to  expedite  the  operation  as  much  as  possible, 
and  in  cases  where  a  large  quantity  of  a  bulliy  precipitate  has  to 


grewed,  bj  which  the  adbeBimn  of  par 
vented,  aod  all  Ions  from  trickling  dov 
obviated.  The  cleu  fluid,  as  it  dropa  t 
be  allowed  to  fall  directti/  into  the  rece 

n  its  sidll.  Bs  shown  in  (Im  «o 


OLOSSABY* 


461 


Fig.  7a. 


The  spedfic  gravity  of  solid  and  liquid  bodies  is  compared  with 
that  of  pure  distilled  water  at  the  temperature  of  60^  F.  One 
cubic  foot  of  such  water  weighs  1,000  ounces,  and  its  gravity  being 
taken  as  the  unit  or  point  of  comparison,  is  marked  thus,  1*000. 
When,  therefore,  we  find  the  specific  gravity  of  mercury^  for  ex- 
ample, represented  by  13*58,  and  that  of  har-iron  7788,  it  means 
that  mercury  is  13^  times,  and  bar-iron  y^Jf^  times,  heavier  than 
water;  or,  in  other  words,  that  whilst  one  cubic  foot  of  pure  dis- 
tilled water  weighs  1,000  ounces,  one  cubic  foot  of  mercury  weighs 
13,580  ounces,  and  one  cubic  foot 
of  bar-iron  7,788  ounces. 

The  method  of  taking  the 
specific  gravities  of  bodies  is  de- 
scribed in  all  treatises  on  Chem- 
istry. 

Heat  (Sources  of).  Where 
coal-gas  can  be  obtained,  there  is 
nothing  so  convenient  or  so  cheap. 
When  gss  is  allowed  to  mix  with 
a  sufficient  quantity  of  atmos- 
pheric air  to  effect  a  complete 
combustion  of  its  carbon,  it  bums 
with  a  flame  which,  though  hav- 
ing but  little  luminosity,  possesses 
great  heat,  and  throws  off  no 
solid  charcoal  on  cold  bodies 
held  over  it.  It  is  th  us  ad  mirably 
adopted  for  the  ignition  of  cruci- 
bles.    The  simplest  arrangement 

of  the    coal-gas  jet   for   this    purpose    is   shown   in    fig.   72. 
The  mixture  of  gas  and  air  takes  place  in  the  copper  cylinder, 

and  it  is  inflamed  above  the  wire  gauze  fas- 
tened over  the  top.  The  crucible  to  be 
heated  is  supported  on  a  triangle  of  platinum 
wire  laid  across  the  ring  of  the  retort-stand. 
But  the  gas-burner  now  most  generally  used 
in  the  chemical  laboratory  is  that  invented  by 
Professor  Bunsen,  and  shown  in  ^^.  73.  The 
gas  is  supplied  through  the  horizontal  tube, 
whence  it  passes  through  a  set  of  small  holes 
into  the  box,  a,  in  which  it  mixes  with  at- 
mospheric air  that  enters  freely  by  the  holes 
shown  in  the  sketch.  The  gaseous  mixture 
parses  up  the  vertical  tube,  &,  and  is  inflamed  at  the  top,  where  it 
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the  top.  This  box  fits  loo«eIj.  on 
Fio.  76.  and  when  it  is  p 
Jjghted,  the  flame  1 
radiating  jets  as  e 
represents  the  hori: 
vertical  flame. 

In  figs.  7^  and  ; 
WN8  arrangement 
tfR^hn^     /•.     ^^  ^'^  modification  0 
with  three  legs,  c  a  furnace  bodyTr 

^Tm'^rS'^^^^^^    %.  76  showTth 
^^arks  the  position  of  the  fire-bo 
bumer  thus  arranged,  and  supplied  1 

gallons  of  watpr  ;«  « *^^  '" 
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tb«  flAme;  d  'u  m  taiatea-aola  or  plate  at  fire-elay';  /is  BreTeN 
ber&torr  dome,  the  interior  of  which  is  beet  ehown  in  eectioD  in 
fig.  79;  ■'  is  a  cMt>iron  rioff  or  tiiret,  repreeented  more  dearly 


OLOSSAST. 


46s 


sodium  may  be  fused,  and  small  quantities  of  sterling  silver  may 
•be  melted  in  a  clay  crucible. 

Normandy's  gas  blow-pipe  furnace  is  sbown  in  fig.  81.  It 
consists  of  a  wire-gauze  cylinder,  partly  cased  in  sheet  iron,  in 
communication  at  the  lower  part  with  the  atmosphere,  closed  at 
the  upper  end  by  a  diaphragm  of  wire  gauze  of  about  700  openings 
to  the  square  inch,  and  provided  with  a  short  slightly  conical 
cover,  perforated  in  the  centre.  A  blow-pipe  jet  placed  outside 
the  cylinder  traverses  the  diaphragm,  and  opens  on  a  level  with 
the  aperture  in  the  cover ;  a  blast  of  air  is  sent  into  the  centre  of 
the  flame  by  means  of  a  flexible  tube  of  vulcanized  caoutchouc 
from  a  bellows,  as  shown  in  the  figure.  A  flame  is  thus  produced 
of  considerable  intensity,  and  well  adapted  to  most  of  the  require- 
ments of  the  laboratory. 

Fl«.  8a. 


A  useful  form  of  Bbrc£UU8*s  spirit-lamp  is  sbovni  m  fig.  82, 

he  reservoir  containing  the  spirit  being  at  a  distance  from  the 

burner,  whereby  it  escapes  being  heated  during  long  operations. 

The  crucible  is  surrounded  by  an  iron  jacket,  a,  6,  c,  which 

protects  it  from  the  cooling  influence  of  the  surrounding  air. 

Alkin*s  portable  blast-furnace  is  shown  in  fig.  83.  It  is  gene- 
rally made  out  of  black-lead  pots,  three  being  used  for  the  pur- 
pose. The  lower  part  of  the  first  one  serves  as  a  resting-place 
for  the  body  of  the  furnace }  it  has  a  hole  drilled  through  it,  by 
vrhich  air  is  supplied  by  a  bellows  to  the  body  of  the  furnace, 

H  H 


The  funiAce  rppre^ented  in  lig.  8 
Knd  U  on  the  nhole  perhaps  the 
tionAry  fuTDUce  is  required.  It  con 
iron,  lined  with  refractory  clnj.  1 
plate  which  supports  the  chimnej',  t 
pit,  which  is  pruvided  with  n  sliding 
There  are  various  apertures  in  the  : 
for  the  ndmieiion  of  tubes,  crucibles. 
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to  redness,  generally  for  the  purpose  of  eliminating^  volatile  sub- 
stances  before  weighing,  but  sometime  also  fi)r  modifying  the 
state  of  certain  bodies.  Ignition  is  carried  on  in  the  laboratory  in 
crucibles,  or  capsules  of  platinum,  or  of  silver,  or  of  porcelain,  as 
the  case  may  be.     (See  Heat,  Sources  of,) 

Inspissate.  To  thicken  a  liquid  containing  a  substance  in 
solution,  by  boiling  off  a  portion  of  the  liquid.  Vegetable  extracts 
are  itispissated ^uicea, 

Levigation  (from  leviSf  light).  To  reduce  a  substance  into  an 
impalpable  powder.  This  is  done  by  grinding  the  substance 
reduced  to  a  paste,  with  water  or  some  other  liquid,  upon  a  flat 
stone  or  slab,  with  a  muller. 

Nacbeous  is  said  of  the  lustre  of  mother-of-pearl,  and  of  all 
substances  which  have  that  appearance. 

Neutralization.  When  an  acid  and  a  base  are  made  to  react 
upon  each  other:  as,  for  example,  when  soda  is  poured  into  sul- 
phuric acid  in  such  proportions  that  the  liquor  no  longer  reddens 
litmus-paper  nor  turns  turmeric-paper  brown,  they  are  said  to 
be  neutmlized,  and  the  result  of  the  combination  is  a  salt  which, 
tn  the  present  instance,  would  be  Glauber^s  salt  (sulphate  of 
sodium). 

Ck)TAHEDR0N.  Crystal  having  eight  faces.  We  give  here  (flg. 
85)  the  form  of  the  regular  octahedron. 

Organic.  Substances  belong  to  the  vegetable,  to 
the  animal,  or  to  the  mineral  kingdom.  Those  which 
belong  to  the  animal  or  ve$retable  kingdom  bei^g 
organized,  that  is  living  bodies,  are  called  organic 
bodies.  The  minerals,  which  are  inert  or  inorganized 
bodies,  nre  called  inorynnic  bodies. 

roRPHYRiZB  (to).  To  grind  upon  a  slab  or  in  a  mortar  of 
porphyry,  in  order  to  reduce  hard  substances  iuto  an  impalpable 
powder. 

Precipitate  (from  prenpitare,  to  fall  down),  is  the  name  given 
to  substances  which  have  been  separated  from  their  solution  in  >i 
solid  state.  Thus,  for  example,  if  solution  of  sulphate  of  sodium, 
or  dilute  sulphuric  acid,  be  added  to  a  solution  of  acetate  of  lead, 
a  white  powder,  which  is  sulphate  of  lead,  will  fall  down,  or,  in 
chemical  language,  will  be  precipitated. 

Reagent  is  the  name  given  to  any  substance  which,  in  the 
course  of  chemical  analysiJ*,  may  be  employed  to  detect  the  pre- 
sence of  other  substances.  For  example,  if  a  little  infusion,  or 
tincture  of  nutgalls,  be  poured  into  a  liquor  containing  a  salt 
of  peroxide  of  iron,  a  purple-black  colour  (ink)  will  appear;  in- 
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inir  from  tlin  actiun  <»t'  an  acid  upoi 
Itane)^  or  frnin  tlie  at-tiou  of  two  pu 
each  other,  one  of  which  acting  as 
which  then  acts  as  a  base.  An  act 
acid  18  in  excess;  a  h<uic  9alt  is  a 
dominates. 

SoLTEST,  Any  substance  wh 
Water  is  a  solvent  of  sugar,  and  of  i 
ether  is  a  solvent  of  bromine ;  mercu 
tin,  &c. ;  melted  zinc  is  a  solvent  of  * 

Starcii. — A  substance  universi 
table  world,  and  found  also  in  the  a 
in  seeds,  roots,  tubers,  and  bark; 
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Ta/mca,  derived  from  the  root  of  Jathropa  manihot,  arrwr-root 
from  that  of  Maranta  anrndinacea,  lago  from  the  stem  tind  pwh  of 
Sai/iu  farinifara  SumpMi,  are  severnllj  mere  varieties  idi^nticnl 
with  starch  in  their  chemical  compositiou. 

If  flour  he  mixed  up  and  kneaded  ia  a  cloth  with  wat«r,  a 
whitish  liquid  will  be  slraiued  off,  which,  being'  lert  to  settle,  will 
deposit  starch.  The  substxnce  retained  bj  the  cloth,  called  yhiUn, 
which  is  white  aod  insoluble  in  wnler,  is  nitrogenous,  and  is  thu 
cnnstitueot  on  which  the  value  of  meal  as  an  article  of  food  chiefly 
depends. 

Starch  is  a  snow-white  glistening  powder,  which  crackles  be- 
tween the  fiDgers.  When  submitted  to  the  microscope  it  appears 
to  consist  of  transparent  ovoidal  grains,  the  magnitude  of  which 
Taries  in  different  plants,  those  of  the  potato  being  greatest,  those 
of  leguminous  seeds  (such  as  peas),  less,  and  those  of  wheat  and 
rice  smaller  still. 

When  the  fecula  oF  the  potato  is  submitted  to  the  microscope 
it  presents  the  appearance  shown  in  lig.  87.    £ncb  grsiii  presents 


at  its  surfnce  a  peculiar  point,  a,  called  the  hUe,  round  which  the 
matter  is  disposed  concentrically  iu  layers  or  strata  with  a  certain 
regularity.  If  a  grain  be  compressed  between  two  slips  of  glass  it 
will  be  broken  into  several  frsgmenta  (Sg.  88),  the  planes  of  frac- 
ture having  their  common  intersection  in  the  hile.  Each  grain 
consists  of  a  succession  of  thin  pellicles,  ivhich  may  be  exfoliuted 
by  heating  the  feculn  to  about  400°  F.  (fig.  89). 

The  symmetrical  arrangement  of  the  anhydrous  molecules 
around  the  hile  is  rendered  very  apparent  when  the  grains  of  fecula 
are  submitted  to  polarised  light,  and  a  prepared  rhomb  of  Iceland 
spar  is  interposed  between  the  object  and  the  eye.  A  black  cross 
is  then  observed,  the  centre  of  which  coincides  with  the  hile,  and 
which  is  analogous  to  those  which  are  seen  through  thin  crystals, 
havin);  a  single  axis  at  right  angles  to  which  they  have  been  cut. 
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cerlunl;  Mid  easily  diatiiiguUlied,  being  tbe  only  unflsceotu 
granule  which  gives  the  blftck  crow  with  polaiiied  light. 

The  following  are  the  relative  niagnitudea  of  the  graaulea  of 


different    vegetables    expresaed,  in    their   lengths,  in    hundred 

tboussndtba  of  an  inch  : — 
PoUto     .     .  740         Wheat    ...   180         Millet  ...  40 
Bewi  .    .    .  300        Spanish  potato,  160        Puranip    ,    .  38 
Sago  .     .     ,  200         Maize      ...   100         Grain  of  Jleet  16 
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rated  by  addin<r  i  or  2  pe; 
water. 

AVhen  the  dilute  acid.- 
matter  is  immediately  di 
ensues,  the  result  of  whi< 
fubstnuce,  called  dejirine, 
zation,  and  then  into  yhwo 
optical  property. 

Starch    is  quite  iusoli 
Though  generally  regarded 
with  certain  bases,  such  as 
Iodine  exercises  a  chars 
dark  blue  colour,  which  Vi 
gation  of  the  starch.     It  i« 
and  when  the  starch  has  i 
comes  red.     Exposed  to  lig 
the  iodine  being  converted 
nouRT).    When  iodide  of  sti 
a  temperature  of  150°  it  bee 
when  cooled  (Laksaioxe). 
When  iodide  of  starch 
light,  the  colour  may  be  rest 
decomposing  the  hydriodic 
combines  with  the  starch  and 
on  the  iodine  also  discolour 
by  an  acid,  which,  seizing  01 
Neither  acetic  acid  nor  ai 
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the  form  of  a  yellow  powder,  which  is  suhlimed  sulphur;  commonly 
called  flowers  of  sulphur. 

^'  Test  Papers.  Papers  which  have  been  dipped  in  solution  of 
certain  vegetable  colouring  matters,  or  of  certain  solutions  of 
metallic  salts,  capable  of  assuming  a  distinctive  or  characteristic 
colour  when  put  in  contact  with  other  substances  for  which  they 
are  used  as  a  test  of  their  presence*.  Thus,  paper  tinged  blue  with 
tincture  or  with  aqueous  solution  of  litmus  turns  red  when  put  in 
contact  with  acids.  Paper  tinged  yellow  with  the  solution  of 
turmeric  turns  brown  by  contact  with  alkalies.  Paper  dipped  in 
solution  of  red  cabbage  is  gray,  but  it  turns  bright  red  by  contact 
with  acids,  and  bright  green  by  contact  with  alkalies.  Paper 
which  has  been  immersed  in  solution  of  acetate  of  lead,  turns 
black  by  contact  with  sulphuretted  hydrogen.  Paper  which  has 
been  immersed  in  solution  of  ferrocyanide  of  potassium  turns 
blue  by  contact  with  a  solution  of  a  salt  of  iron.  Paper  dipped  in 
solution  of  ferricyanide  of  potassium  turns  blue  by  contact  with 
a  solution  of  a  protosalt  of  iron,  but  is  not  altered  by  one  of  a 
persalt  of  iron,  &c.,  &c. 

Volume  is  the  name  given  to  the  space  occupied  by  the  pores 
and  molecules  of  which  bodies  consi>t.  It  is  important  not  to 
confound  the  mass  of  a  body  with  its  htdk  or  volume.  The  term 
volume  refers  only  to  the  dimensions  of  the  body,  and  it  always 
expresses  the  place  which  the  body  occupies  in  space.  The 
density  or  gravity  of  a  body  is  more  or  less  considerable  in  pro- 
portion as  the  matter  of  the  body  is  more  or  less  compact  which 
determines  its  weight.  The  nuui8  of  a  body,  however,  depends,  at 
the  same  time,  upon  its  volume  and  its  density,  and  is  represented 
by  the  weight.  Two  bodies  of  the  same  weight  have  necessarily 
the  same  mass.  A  pound  of  lead  has  the  same  mass  as  a  pound 
of  cork  or  of  down :  but  cork  and  down  being  much  less  dense 
than  lead,  are  much  larger  in  bulk  or  volume  than  the  latter. 

Woolfe's  Apparatus.  From  the  name  of  the  inventor;  is  an 
apparatus  which  consit^ts  of  several  tubulated  vessels,  for  the  pur- 
pose of  facilitating  the  absorption  of  gases  by  liquids.  These 
flasks  or  vessels  are  so  disposed  and  connected  by  air-tight  tubes, 
that  the  gas  which  has  not  been  absorbed  by  the  liquid  contained 
in  the  first  flask,  traverses  that  contained  in  the  second,  and  then 
that  of  the  third,  and  so  on.  We  represent  the  apparatus  on  page 
474.  R  is  the  retort  from  which  the  gas  to  be  absorbed  is  dis- 
engaged, and  is  connected  with  the  bottles  A,  B,  c,  as  represented. 
A,  B,  c,  are  bottles  with  three  tubulars  or  openings,  fitted  with 
perfectly  air-tight  corks,  which  are  perforated  for  the  admission  of 
thd  various  tubes.    The  bottles  a  and  b,  b  and  c,  are  connected 


)Dch,  the  second  I  of  nn  inch, 
IadiIj,  tbHt  the  tube  P  plunge 
liquid  of  ibe  glnea  beBker,  e. 
prpisure  vould  be  equnl  to  1 
^  inrh  high,  in  tlie  benlier  o  ;  \ 
liquid,  J  of  an  iuch  hi):li  )□  h 
jirrSBUre  in  buttle  B;  J  +  ™  +  „ 
tlie  liigl  bottle.  Wlitrelore.i 
iitud,  it  ia  necessary  to  take  car 
depth  down  iato  the  liquid  u(  t 
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The  foUotciny  articles  were  acctiUiitoUy  omitted  from  the  teH  of 

the  book : — 

ACSTATS  or  &ZA9  (Socar  of  Aead*  Salt  of  Satom). — 

Acetate  of  lead  is  used  in  various  arts,  especially  in  dyeing  and 
in  calico  printing,  and  is  on  that  account  an  important  article  of 
commerce.  The  salt  U  generally  met  with  in  white  circular 
crystalline  lumps,  of  a  sweet  and  astringent  flavour,  poiconous; 
efflorescent ;  and  soluble  in  0*59  parts  of  water  at  6cx>^  F.,  and  in 
8  parts  of  alcohol.  Its  aqueous  solution  is  partially  decomposed 
by  the  carbonic  acid  of  the  air,  carbonate  of  lead  being  precipitated 
and  a  portion  of  acetic  acid  set  Iree,  which  prevents  further 
decomposition. 

The  acetate  of  lead  of  conftnerce  sometimes  contains  acetate  of 
cala'um,  the  presence  of  which  may  be  detected  by  dissolving 
a  portion  of  the  sample  in  water ;  passing  a  stream  of  sulphuretted 
liydix)gen  gas  through  the  solution,  in  order  to  precipitate  the 
whole  of  the  lead  in  the  st«te  of  sulphide  (black) :  filtering,  and 
testing  the  iiltrate  with  a  solution  of  oxalate  of  ammtmium,  which 
will  produce  a  precipitate  of  oxalate  of  calcium ;  the  liquid  should 
be  warmed  and  left  at  rest  until  the  precipitate  has  well  settled, 
then  collected  on  a  filter,  washed,  dried,  gently  ignited,  and  then 
treated  with  excess  of  sulphuric  acid,  whereby  it  is  converted  into 
sulphate  of  calcium.  After  ignition,  68  grains  represent  28  grains 
of  Ume,  and  consequently  79  of  acetate  of  calcium. 

If,  after  saturating  the  filtrate  with  ammonia,  the  liquor  be- 
comes blue,  it  is  owing  to  the  presence  of  copper ;  if  it  remains 
colourless,  but  becomes  black  by  the  further  addition  of  sulphide 
of  ammonium,  it  is  owing  to  the  presence  of  iron.  The  proportion 
of  these  impurities  is,  however,  generally  very  trifling. 

BZCASBOXrATS  OF  POTABSZiniK.— This  salt  is  often 
adulterated  or  mixed  with  neutral  carbonate  of  potassium  ;  some- 
times,  also,  it  contains  chloride  of  potassium  or  of  sodium,  or 


j-uosiaiice  iiiiiy  be  ivndily  de 
SHiuple  in  water  and  testin<r  t 
"^'  iiiMonesiuni,  which,  if  tx  yi 
I  •  :      '  ■  i   M  ■  luagntvsium,  and  is  due  to 

■' 1.  •  t  1  ■  potiissium. 

',,'{[     :  '  1  ii  liicarbonate  of  potaPsium 

contains  a  portion  of  the  neut 

mi*  • 
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.  i: 


If  a  portion  of  the  sample, 

saturated  with  pure  nitric  acic 

'*>:!;  o^  nitrate  of  silver  a  white  ci 

'!  J  ■ .  ammonia,  it  is  chloride  of  silv 

;  '  1 1  '■  of  a  soluble  chloride.     The  cl 

'        '     '  r  « sniall  filter,  washed,  dried,  a 

■i  ■  then  weighed.      143-5  of  chl. 

potassium,  or  i  equivalent  of  ( 
If  sulphate  of  potassium  (< 
detected  by  pouring-  into  the  S( 
pure  nitric  acid,  some  solutioi 
produces  a  wliite  precipitate 
sulphate  of  barium,  and  iudi 
soluble  sulphate.  1 16-5  of  sul] 
potassium,  72  of  sulphate  of  st 
soluble  sulphate. 

Jiicarbonate  of  potassium  I 
that  which  may  remain  insolub 

Bzarozik&ATB  or  po: 

This  Hilt  is  obtained  from  the  « 
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burning  bread  wLich  is  emitted  wben  tbe  salt  is  ignited  in  a 
platinum  crucible,  pure  binoxalate  of  potassium  emitting  wben 
tbus  beated  only  white  and  acid  fumes,  but  not  being  charred. 
There  remains  after  ignition  a  gre}  ish  residue,  which  is  carbonate 
of  potassium.  Cream  of  tartar  may  also  be  detected  by  boiling  a 
portion  of  the  binoxalate  of  pota{<sium  under  examination  with 
concentrated  sulphuric  acid,  by  which  it  is  decomposed  and  dis- 
solved, a  rapid  disengagement  of  carbonic  acid  and  carbonic  oxide 
gas  taking  place  at  the  same  time,  the  solution,  however,  remain- 
ing colourless  if  the  salt  be  pure ;  but  if,  on  the  contrary,  after 
boiling  the  suspected  salt  for  some  time,  the  liquor  turns  brown, 
then  it  is  a  proof  that  tartaric  acid  or  organic  matter  is  present. 
The  presence  of  bisulphate  of  potassium  is  detected  by  dissolving 
a  portion  of  the  salt  in  pure  water,  and  testing  with  solution  of 
chloride  of  barium,  which  will  produce  s  precipitate  insoluble  in 
water  and  in  acids. 
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Table  III. 
French  Measures  of  Capacify,  with  (heir  English  B3j;wimUents, 


1 

In  Cubic 

In  Pint* 
Cubic  iM. 

In  aallom 

Tn  Bushels 

1 

In  Cnbic 

Feet 

=8  Pints 

BSOallsL 

1 

1 

Inches 

= 1728    1 
Cnbiclns., 

=277*37384 
Cubic  Ins. 

K  3318*10078 

Cabtolos. 

Millilitre.  or  Cubic 

1 

•     Centimdtre      .    . 

o'o6zo3 

0*000035' 

0*00176 

0*0002201 

O*O0OO97S 

Centilitre,     or     xo 

1 

Cnbic  Centim^reB 

o'6io27 

0*000353 

0*01768 

0*06220x0 

a 000275 z 

'  DMlitrt,     or     loo 

! 

1     Cable  CeRtimdtres 

6"xoa7i 

0*003532 

0*17601 

0*0220097 

0*0028513 

I  Litre,  or  Cubic  Ded- 

, 

1     m^fre     .    .    .    . 

6i*ao7C5 

0*35317 

1*76077 

0*2200967 

0*02751208 

Decalitre,  or  Centifl- 

tdre 

6io  •2705a 

0*353166 

X7  60773 

2*2009688 

0*27513085 

'  Hectolitre,  or  Decis- 

1 

i     t*re    .    .    .    .    - 

6103*70515 

3'53«658, 

176*07734 

22*0096677 

2*7512085 

Kilolitre,   or  Cubic 

1 

'      M^re      .... 

61027*05152 

35"3>658»'; 

«76o*7734i 

220*0966737 

27*5120846 

I  Ityroolitre,   or   IM- 

1 

1 

cast^re    .... 

610270*5x519 

353*165807 

17607  •734»4 

1:2200*9667675 

2751308459 

z  cnbic  inch  =  I 

6*386176  cnbi 

c  oentimdtr 

es ;  X  cubi 

C  foots  28. 31 

53x2  cubic 

ddcimdtrefl :  i  galU 

>n  =  4 '543358! 

itres. 

A  litre  of  (URtill 

ed  water  wei^ 

fhs  z  kilogramme ;  aou 

bic  centimdt 

re  of  water 

weighB  I  gramoie. 

Tablr  IV. 
Frevch  Measures  of  Length,  with  their  English  Equivalents. 


In  Encllsh         In  Fnprlish    1     In  Enprliith 

In  English 

Inches                   Feet                   Yards 

1                           ' 

Miles 

Millimetre     . 

003937            0*003281           00010936 

0.0000006 

Centimetre    . 

03937'  '         0*032809           0*0109363 

0*0000062 

DccimHre 

393708            0328099           0-1093633 

0  000062 I 

Metre  .     .    . 

3937079            3  280890  1          I  0936341 

0*0006214 

D^kambtre    . 

30370790          32808992         10*9363310 

0*0062138 

Eectometre   . 

3937  07900  1     328  089920       109-3633100 

0062 1  ^^82    1 

Kilometre 

393707900  '  3280-899200     1093-6331000 

0-6213824    i 

Mvriometre  . 

• 

'  393707 '9000    32808  992000  10936-3310000 

6-2i3iB244 
tre  ; 

I  inch  = 

2*539954  contim^^reM;  i  yard  =  0*9143835  m^ 

I  foot=r; 

30479449  decimetres  ;  i  mi  le=  1-6093149  kih 

>metre. 

Comparison  of  Thermoinetric  Scales.  —  The  interval  b{»tw<»en  the 
melting-point  of  ico  and  the  boiling-point  of  water  has  in  different 
countries  been  differently  divided. 

In  England,  FAHRKNHBir'fl  division  into  iSo*^  is  principally  em- 
ployed ;  the  zero  or  O^  npon  this  f^cale  being  32  of  these  deerees  below 
the  free/if:C-pcint  of  water.  In  France  and  on  the  Continent  generally, 
the  Ct'ntigrade  division  prevails;  the  interval  between  the  freezing 


212=  F.  -  3>"iSo;  180 
CffimosiDE  to  FiHBBMierr 
Eiample: 

100"  C.  X  9  =  900 ;  900+ 
Hudmcb  to  Fahrkrhmtt  ^ 

80"  R,  119=720;  7ao+ 

FiHEEKHgn-   to    VUtKVWK    i[ 

aiaop,  -3a-iSo;  i8c 
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gent's Canal. 

Middle  Level  Sewer.   Junction  with  Fleet 
Ditch. 

Bridge  over  River  Lea. 


Outfall  Sewer. 

Elevation. 
Outfall  S^er. 

Details. 
Outfall  Sewer. 

Details. 
Outfall  Sewer. 


Bridge  over  River  Lea. 
Bridge  over  River  Lea. 


Bridge  over  Marsh  Lane, 

North  Woolwich  Railway,  and  Bow  and 

Barking  Railway  Junction. 
Outfall  Sewer.      Bndge   over    Bow  and 

Barking  Railway.     Elevation. 
Outfall    Sewer.      Bridge  over  Bow  and 

Barking  Railway.     Details. 
Outfall  Sewer.      Bridge  over   Bow  and 

Barking  Railway.     Details. 
Outfall  Sewer.    Bridge  over  East  London 

Waterworks*  Feeder.     Elevation. 
Outfall  Sewer.     Bridge  over  East  London 

Waterworks'  Feeder.     Details. 
Outfall  Sewer.     Reservoir.     Plan. 
Outfall  Sewer.     Reservoir.     Section. 
Out&ll  Sewer.  Tumbling  Bay  and  Outlet. 
Outfall  Sewer.    Penstocks. 

South  Side. 

Outfall  Sewer.  Bermondsey  Branch. 

Outfall  Sewer.  Bermondsey  Branch. 
Outfall  Sewer.      Reservoir  and   Outlet. 
Plan. 


MAIN  DRAINAGE,  METROPOLIS, 
continued—' 

Outfall   Sewer.     Reservoir   and  Outlet. 

Details. 
Outfall  Sewer.      Reservoir   and  Outlet. 

Details. 
Outfall  Sewer.      Reservoir  and   Ontlot. 

Details. 
Outfall  Sewer.     Filth  Hoist. 
Sections  of  Sewers    (North  and  South 

Sides}. 

THAMES  EMBANKMENT. 

Section  of  River  Wall. 

Steam-boat  Pier,  Westminster.  Elevation 

Steam-boat  Pier,  Westminster.    Details. 

Landing  Stairs   between  Charing  CrM 
and  Waterloo  Bridges. 

York  Gate.     Front  Wcvation. 

York  Gate.     Side  Elevation  and  Details. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Details. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Penstock. 

Overflow  and  Oudetat  Savoy  Street  Sewer. 
Penstock. 

Steam-boat  Pier,  Waterloo  Bridge.  Eleva- 
tion. 

Steam-boat  Pier,  Waterloo  Bridge.    De- 
tails. 

Steam-boat  Pier,  Waterloo  Bridge.    De- 
tails. 

Junction  of  Sewers.     Plans  and  Sections. 

Gullies.     Plans  and  Sections. 

Rolling  Stock. 

Granite  and  Iron  Forts. 


With  copious  Descriptive  Letterpress,  Specifications,  &c. 


Opinions  of  the  Press, 

*'  Mr.  number's  works— especially  his  annual  '  Record,'  with  which  so  many  of  out 
readers  are  now  familiar — fill  a  void  occupied  by  no  other  branch  of  literature.  •  •  •  • 
The  drawings  have  a  constantly  increasing  value,  and  whoever  desires  to  posses.*  dear 
representations  of  the  two  ercat  works  carried  out  by  our  Meiropoliun  Board  will 
obuin  Mr.  number's  last  volume. " — Engituerin^. 

"  No  engineer,  architect,  or  contractor  should  fail  to  preserve  these  records  of  works 
which,  for  magnitude,  have  not  their  parallel  in  the  present  day,  no  student  in  the 
profession  but  should  carefully  study  the  details  of  these  great  works,  which  he  may  be 
one  day  called  upon  to  imitate." — Mechanic's  M^^azine. 

"  A  work  highly  creditable  to  the  industry  of  its  audior The  vohin»k  quite 

an  encydopiedia  for  the  study  of  the  student  who  desires  to  master  the  samect^  of 
municipal  drainage  on  its  scale  of  greatest  development."— /'r»f/*f«/  McchoKi's. 
Journal, 


4  WORKS   rUBLISHED  BY  LOCKWOOD  ft  CO. 

Humberts  Modern  Engineering.    Fottrth  Series. 

A  RECORD  of  tlie  PROGRESS  of  MODERN  ENGINEER- 
ING, iS66.  Imp.  410,  with  36  Double  riales,  dnwn  to  m  Uise 
scale,  and  Photo[;raphic  Poitrail  of  John  Fowler,  Esq.,  President 
of  the  Instiiution  of  Civil  Eiieineeis.    Price  3/.  y.  balf-monjcco. 

List  ef  Ikt  Plata  and  Dtagramu. 

A  tibey  Mills  Piunpios  Scalion,  }r>ui  Drainigc, 

Metropolis \v>  i  Mr.  BialEciic,  C.E. 

]!:inu»  Docks jug  Mcun.M^3euftSulliiiiii, 

Manquis  Viaduct,  SinliaECi  *Dd  Valpaniu  [C.  E. 

kiii>vay to.  i>  M[.  W.  Loyd,  C.E. 

AdiRu'L«oin<>the,St.Hckii'iCanalRai]<r.  11,  i)  Mr.  H.  CrDa,  C.E. 


•a  Street  Sutini  KuoT,  Dunn 


o  ^  Mt.J.  HaoVihiir.Ce. 
-     Mr,  H.  W»I " 


RtadBridceoverlhc  River  Molta 11,  t8     Mr  H.  Wa)idkld.CE. 

rrlesraphie  Apraralm  fir -Me^opotimii  ....  19  Mr.  SiemHii,  C  E. 

Vi^uclovRtliE  Kim  W%'E.  Midland  Kailw.   lol^ii    Mr.  W.  H.  Bailoir,  CE. 
St.  Gcnnant  Viaducl.  Cornwall  tUilnv  ....      93,  M     Mr.  Bnioei.  CE. 

Wrought-It™  Cylinder  for  Diving  BcU =5  Mr.  J-  Coode.  C.E. 

MiUwallDucki 16  to  ji   Mom.  J.  Fuvla,CE.,ind 

William  WilHiB,  UK. 

Milroy's  Faieni  F.i«>valor    31        Mr.  Miltoy,  C  E. 

Mati4»IitajL  DiaitKt  Kajpu-Ay....- ,,    33  ta3ft  Mr.  I.  Fowler,  Ennii«r.in- 

aij.   «.d    Hr.   T.  M. 

Jotuuon,  CE. 
Harbouis,  Poitf,  a:id  BmkMJIen A  IOC  

Tlif  I^Uirfreis  cemprists — 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humberts  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  includinff 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  Assoc.  Inst  C.  E.,  and  M.  Inst 
M.  E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and^numerous 
additions  to  the  Text  In  2  vols.  imp.  4to.,  price  6/.  idr.  6d.  half- 
bound  in  morocco. 

**  A  very  valuable  contribution  to  the  standard  hterature  of  civil  engineering.  In 
addition  to  elevations,  plans,  and  sections,  large  scale  details  are  given,  which  verv 
much  enhance  the  instructive  worth  of  these  illustrations.  No  engineer  would  wil- 
lingly be  without  so  valuable  a  fund  of  information."— C/V</  Engineer  and  Architecfi 
Journal, 

^  **  The  First  or  Theoretical  Part  contains  mathematical  investigations  of  the  prin- 
ciples involved  in  the  various  forms  now  adopted  in  bridge  construction.  Ijiese 
investigations  are  exceedingly  complete,  having  evidently  been  very  carefullv  con- 
siderea  and  worked  out  to  the  utmost  extent  that  can  be  desired  by  the  practical  man. 
The  tables  are  of  a  very  useful  character,  containing  the  results  of  the  most  recent 
experiments,  and  amongst  them  are  some  valuable  tables  of  the  weight  and  cost  o 
cast  and  wrought-iron  structures  actually  erected.  The  volume  of  text  is  amply  Ulus- 
trated  bv  numerous  woodcuts,  plates,  and  diagrams :  and  the  plates  in  the  second 
volume  do  great  credit  to  both  draughtsmen  and  engravers.  In  conclusion,  we  have 
great  pleasure  in  cor^lially  recommending  thU  work  to  our  readers.  "-^/Ir^iis<wi. 

"  Mr.  Humber's  stately  volumes  lately  issued — in  which  the  most  important  bridfl^ 
erected  durine  the  last  five  years,  under  the  direction  of  the  late  Mr.  Bnmel,  Sir  W. 
Cubitt,  Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  oiu 
most  eminent  engineers,  are  drawn  and  specified  in  great  detail" — Engineer. 

Weale^s  Engineers  Pocket-Book, 

THE  ENGINEER'S,  ARCHITECTS,  and  CONTRACTOR'S 
POCKET-BOOK  (Lockvvood  &  Co.'s;  formerly  Weale's). 
Published  Annually.  In  roan  tuck,  gilt  edges,  with  lo  Copper- 
Plates  and  numerous  Woodcuts.  Price  dr. 
"  A  vast  amount  of  really  valuable  matter  condensed  into  the  small  dimen- 
sions of  a  book  which  is,  in  reality,  what  it  professes  to  be — a  pocket-book 

We  cordially  recommend  the  book  to  the  notice  of  the  managsrs  of  coal  and  other 
mines ;  to  them  it  will  prove  a  handy  book  of  reference  on  a  variety  of  subjects  more 
or  less  intimately  connected  with  thcu-  profession." — Colliery  Guardian. 

**  £very  branch  of  engineering  is  treated  of,  and  facts,  figures,  and  data  of  every 
kind  abound." — Mechanics'  Afag. 

"It  contains  a  large  amount  of  information  peculiarly  valuable  to  those  for  whose 
use  it  is  compiled.    We  cordially  commend  it  to  the  engineering  and  architectural 
professions  gencnUy.^'-^Afining  Journal. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  on  the  APPLICATION  of  IRON  to  the  CON- 
STRUCTION of  BRIDGES,  GIRDERS,  ROOFS,  and  OTHER 
WORKS  ;  showing  the  Principles  upon  which  such  Structures  are 
Designed,  and  their  Practical  Application.  Especially  arranged  for 
the  use  of  Students  and  Practical  Mechanics,  all  Mathematical  For- 
mulae and  Symbols  being  excluded.  By  Francis  Campin,  C.E. 
With  numerous  Diagrams.    i2mo.,  cloth  boards,  3J'. 

\kecefitly  ptiblished, 
"  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide 
they  want" — Middlesboroueh  Weekly  Newx. 

'Invaluable  to  those  who  have  not  been  educated  in  mathematics.*' — Colliery 
Guardian. 
*'  Remarkably  accurate  and  well  written."— >lf/»M4. 
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Strains. 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  Sheilds, 
M.  Inst.  C.E.   Second  Edition,  Mnth  5  plates.    Royal  8vo,  5/.  cloth. 
Contents. — Introductory  Remarks  :  Beams  Loaded  at  Centre ;  Beams  Loaded  at 
unequal  distances  between  supports ;  Beams  uniformly  Loaded  ;  Girders  with  trians^- 
lar  bracing  Loaded  at  centre ;  Ditto,  Loaded  at  unequal  distances  between  supports  ; 
Ditto,   uniformly  Loaded ;  Calculation  of  the  Strains  on   Girders  with  triangular 
Basings ;  Cantilevers;  Continuous  Girders;  Lattice  Girders;  Girders  with  Vertical 
Struts  and  Diagonal  Tics ;  Calculation  of  the  Strains  on  Ditto ;  Bow  and  String 
Girders ;  Girders  of  a  form  not  belonging  to  any  regular  figure  ;  Plate  Girders  ;  Ap- 
portionments of  Material  to  Strain ;  Conmarison  of  different  Girders ;  Proportion  of 
Length  to  Depth  of  Girders ;  Character  of^the  Work  ;  Iron  Roofs. 

Construction  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  James  Armour, 
C.E.     Woodcuts,  i2mo,  cloth  boards,  y,  6d.  ;  cloth  limp,  2s,  (kd, 

[Recently  published, 
**  A  very  useful  and  thoroughly  practical  little  volume,  in  every  way  deserving  of 
circulation  amonest  working  men." — Mining  yourttai. 

**  No  ironworker  who  wishe»  to  acquaint  himself  with  the  principles  of  his  own 
trade  can  afford  to  be  without  \t.**—South  Durham  Mercury. 

Power  in  Motion. 

POWER  IN  MOTION  :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c. 
By  James  Armour,  C.E.  With  73  Diagrams.  i2mo,  cloth 
boards,  3J.  6d.  [Recently  published, 

**  Numerous  illustrations  enable  the  author  to  convey  his  meanine  as  explicitly  as 
it  b  perhaps  p>ossible  to  be  conveyed.  The  value  of  the  theoretic  and  practical  know- 
ledge imparted  cannot  well  be  over  estimated." — Newcastle  Weekly  Chroniel*. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  an<l  Analyses  of  Iron  Ores,  Proces:*es  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Third 
Edition,  revised  and  much  enlarged.  i2mo.,  cloth  boards,  5j.  dd, 
**  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important 

points,  while  all  material  matters  are  very  fully  and  thoroughly  entered  into." — 

Standard. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy,  and  Formulae  and  Tables  for  Facilitating 
their  Calculation.  By  Lieut-General  Frome,  R.E.,  late  In- 
spector-General of  Fortifications,  &c.  Fourth  Edition,  Enlarged, 
thoroughly  Revised,  and  partly  Re-written.  By  Captain  Charles 
Warren,  R.E.,  F.G.S.  With  19  Plates  und  115  Woodcuts, 
royal  8vo,  price  i6s,  cloth.  [jfust  ^litktd^ 
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Levelling, 
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Tunnelling, 

PRACTICAL  TUNNKLM 
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Strength  of  Cast  Irony  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  the  late  Thomas  Tredgold,  Mem. 
Inst.  C.E.,  Author  of  **  Elementary  Principles  of  Carpentry,"  &c. 
Fifth  Edition,  Edited  by  Eaton  Hodgkinson,  F.R.S.  ;  to 
which  are  added  EXPERIMENTAL  RESEARCHES  on  the 
STRENGTH  and  OTHER  PROPERTIES  of  CAST  IRON. 
By  the  Editor.  The  whole  Illustrated  with  9  Engravings  and 
numerous  Woodcuts.     8vo,  12s.  cloth. 

%*  Hodgkinson's  Experimental  Researches  on  the 
Strength  and  Other  Properties  of  Cast  Iron  ma^be  had 
separately.    With  Engravings  and  Woodcuts.    8vo,  price  6s,  cloth. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  Ernst  Alban,  Practical  Machine  Maker, 
Plan,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst.  C.E.,  &c.  &c  With  28  fine  Plates, 
8vo,  I  dr.  6d.  cloth. 

"A  work  like  this,  which  goes  thoroughljr  into  the  examination  of  the  high->pressiire 
•ngine,  the  boiler,  and  its  appendages,  &c.,  is  exceedingly  useful,  and  deserves  a  place 
in  every  scientific  \\hmy.'*---SUam  Skipping  Chronicle. 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  late 
Inspector  for  the  Manchester  Steam  Users'  Association  for  the 
Prevention  of  Steam  Boiler  Explosions,  and  for  the  Attainment  of 
Economy  in  the  Application  oi  Steam.  i2mo,  cloth  boards,  328 
pages,  price  6j. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Printed  on  48  Cards,  and  sold  in  a 
cloth  box,  waistcoat- pocket  size,  price  3^.  6d, 

"  E^ch  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity 
of  work.  They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  th& 
pocket — an  arrangement  that  will  recommend  tncm  to  all  practical  men." — EngiMeer. 

**  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." — Atfunstum, 

Laying  Out  Curves. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR 
CURVES  for  RAILROADS.  By  John  C.  Trautwine,  C.E. 
(Extracted  from  SiMMS*s  Work  on  Levelling).     8vo,  5J.  sewed. 
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Esiimate  and  Price  Book. 

THK  CIVIL  ENGINEER'S  AND  CONTRACTOR'S  ESTI- 
MATE AND  PRICE  BOOK  for  Home  or  Foreign  Service: 
ill  Tcrcrence  lo  Roads,  KailwayE,  Tramways,  Dodu,  Harbonn, 
Foil^  Fnrtilicalion.s,  liriJges,  Aqaedncts,  TunncU,  Seweis,  Water- 
works, Gasworks,  Stations,  Bairacks,  Warehouses,  &c  &c  &c. 
With  Specifications  for  Permanent  Way,  Telegtaph  Materials, 
PlanI,  Maintenance,  and  Working  of  a  Railway  ;  and  a  Priced  List 
of  Macliincry,  i'bnl.  Took,  &c  By  W.  D.  Haskoli,  C.E. 
rlatcs  and  ^^'oodcuts.  Published  annually,  Svo,  clolh,  fa. 
"Axrurai^hinca  variety  of  dau  on  every  canceivable  want  (o  civil  cncineen  and 
contracluTj,  Ihib  bunk  hik  ever  iVni  perhipi  unrivalled."— <4n:AiV«:(. 

Surveyiti^  (Land  and  Mari?ie). 

LAND  AND  MARINE  SURVEYING,  in  Reference  lo  Ihe 
Preparation  of  I'lans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns'  Water  Supplies,  Docks  and  Harboun  ;  with  Descriptioi* 
and  Use  of  Surseying  Instruments.  Bv  W.  Davis  Haskoll,  C.BL, 
Author  of  "Tlie  Engineer's  Field  Book,"  "  Examples  of  Bridge 
and  Viaduct  Construction,"  jtc.  Demy  Svo,  price  lit.  td.  doth, 
with  14  folding  Plates,  and  numerous  Woodcuts. 
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Fire  E^tgineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire-Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c.,  &c 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  price  i/.  4r.  cloth. 
"  We  can  most  heartily  commend  this  book.  .  .  .  .  It  is  really  the  only  English 
work  we  now  have  upon  the  subject.** — Engintering. 

'*  We  strongly  recommend  the  book  to  the  notice  of  all  who  are  in  any  way  in- 
terested in  fires,  fire-engines,  or  fire-lmgades." — Mtckamc^  Magazin*, 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
i2mo.  With  an  Atlas  of  Plates,  containing  235  Illustrations.  4to. 
Together,  price  91.  cloth  boards.  [Recently  published. 

"  Students  in  the  Science  of  Mining,  and  not  only  they,  but  subordinate  officials  in 
mines,  and  even  Overmen,  Captains,  Managers,  and  Viewers  may  sain  practical 
knowledge  and  useful  hints  by  the  study  of  Mr.  Morgans's  Manu^" —  CMitry 
Guardian. 

"A  very  valuable  work,  which  will  tend  materially  to  improve  our  mining  litera- 
ture."— Mining  Journal. 

Gas  and  Gasworks. 

A  TREATISE  on  GASWORKS  and  the  PRACTICE  of 
MANUFACTURING  and  DISTRIBUTING  COAL  GAS. 
By  Samuel  Hughes,  C.E.  Third  Edition,  revised  by  W. 
Richards,  C.E.  With  68  Woodcuts,  bound  in  cloth  boards, 
i2mo,  price  4r. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water.  By  Samuel  Hughes, 
F.G.S.,  Civil  Engineer.  New  and  enlarged  edition,  i2mo,  cloth 
boards,  with  numerous  Illustrations,  price  5^.  ^ust published. 

**  One  of  the  mo'^t  convenient,  and  at  the  same  time  reliable  works  on  a  subject, 
the  vital  importance  of  which  cannot  be  over-estimated." — Bradford  Obserotr. 

Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.     By 
Warington  W.   Smyth,  M.A.,  F.R.S.,  &c.,   Chief  Inspector 
of  the  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.     New 
edition,  revised  and  corrected.     i2mo.,  cloth  boards,  with  nume- 
rous Illustrations,  price  4^.  6^. 
"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outune  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Mining  Journal. 

Certainly  experimental  skill  and  rule-of-thumb  practice  would  be  greatly  en- 
riched by  the  addition  of  the  theoretical  knowledge  and  scientific  information  which 
Mr.  Warington  Smyth  communicates  in  combination  with  the  results  of  his  own  ex- 
perience and  personal  research. "^^Ttf/Z/lrry  Guardian. 


'■'M 

''  ■  ■  i  i 

1     ill 
1  ■    ■'■■■■ 

i       .  '■'  i  \ 

■  .   ■■ 

1 

wLlh  tlic  Thcoddlilc  hy  Ta 
anil  U-ri-hami  RrailiiiRS 
without  'nieoitolite  on  I  lie 
Taneenls  and  Oflsci::;  am 
culaled  for  every  6  inches 
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Earthwork,  Measuren 

A  MANUAL  on  EARTH 

C.E.,  Kesiitcnl  Knf^ineei,  F 

numerous  Diagrams.     iSmc 
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Harbours. 

THE  DESIGN  and  CONS 
Thomas  Stkvenson,  F.K 
larj^  from  llic  Article  "  Hai 
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Bridge  Construction  in  Masonry^  Timber y  &  Iron. 

EXAMPLES   OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  seTeet 
Works.     By  W.  Davis  Haskoll,  C.E.     Second  Edition,  witli 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6  pages  of  Diagrams.     Imp.  4to,  price  2/.  12/.  dd. 
half-morocco. 
'*  One  of  the  very  few  works  extant  descending  to  the  level  of  ordinary  routine,  and 
treating  on  the  common  every-day  practice  of  Die  railway  engineer.  ...  A  work  of 
the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove  invaluable  to 
hundreds.    The  tables  of  estimates  appended  to  this  edition  will  considerably  enhance 
its  value." — Engineering. 

Mathematical  Instruments,  their  Constructiony  Grc. 

•  MATHEMATICAL  INSTRUMENTS  :  their  CONSTRUC- 
TION, ADJUSTMENT,  TESTING,  AND  USE;  comprising 
Drawing,  Measuring,  Optical,  Surveying,  and  Astronomical  instru- 
ments. BvJ.  F.  Heather,  M.A.,  Author  of  "Practical  Plane 
Geometry,  **  Descriptive  Geometry,"  &c.  Enlarged  Edition,  for 
tiie  most  part  entirely  rewritten.  With  numerous  Wood-cuts. 
i2mo,  cloth  boards,  price  5j.  \Now  ready. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with 
Plates.     Imperial  8vo,  price  Sx.  cloth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  folding  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  C.E.     Imperial  8vo,  12s.  cloth. 

"Th'>  standard  text-book  for  all  engineers  regarding  skew  arches,  is  Mr.  Buck's 
treatise,  and  it  would  be  impossible  to  consult  a  better." — Engineer. 

Wealds  Series  of  Rudimentary  Works. 

These  highly  popular  and  cheap  Series  of  BookB,  now  oomprising 
nearly  Three  Hundred  distlnot  Worka  In  almoBt  every  department  of 
Boienoe,  Art,  and  Bduoation,  are  recommended  to  the  notice  of  En- 
gineers, Architects,  Builders,  Artisans,  and  Students  generally,  as  weli 
as  to  those  interested  in  Workmen's  Ijibraries,  Free  Idbraries,  liiterary 
and  Scientiflo  Institutions,  Colleges,  Bohoote,  Science  Olaases,  ftc,  Ac 
*•*'  liists  may  be  had  on  application  to  LOOKWOOD  A  00. 

WeaUs  Dictionary  of  Terms  in  Architecttire^ 
Engineerinc^y  Arty  &c. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHEOLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fourth  Edition,  enlarged  and  revised  by  Robert  Hunt,  F.R.S., 
Keeper  of  Mining  Records,  Editor  of  **  Ure's  Dictionary  of  Arts,** 
&c.     i2mo,  cloth  boards,  price  ds.  [jfust published. 
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*'  No  an  hitc'tiir.il  >HuIcnt  slumUi  be 
knnwicdgc."—  A  n'n'tt-ct. 

"ITic  l«><)k  IS  very  f.ir  from  being  a 
information  which  is  only  to  l>c  found  sc 
more  really  original  writing  than  nuinypu 
'^EngiHcering. 
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,     '          _  .  I  ?  and  labour.      By  A.  C.    Bel 

II         .  '  i  }    \  Measurements.*   33  Woodcuts. 

I    ii*.  Beaton  sBtiildcrs' and  Si 

s  '  •'  THE  POCKET  TECHNIC 

■    \  FOR  BUILDERS  AND  SUl 

^        .  ^  *J  Explanation  of  the  Terms  use 

randa  for  Reference,  Technical 
all  the  Building  Trades,  with 
Timbers,  and  Complete   Spec 
Drains.     By  A.  C.  Bkaton,  / 
ments.*   \Vith  19  Woodcuts.    I 


Villa  Architccttn'c. 

A  HANDY  BOOK  of  VILI 
Series  of  De^^igns  A)r  Villa  Rt 
Detailcil  Sju'citications  and  Esti 
Author  of  "The  Sj)ircs  and  T< 
England,"  &c.  Eir>t  Scries, 
Series,   31  IMates.      Complete 
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Vitruviu^  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A,S. 
Numerous  Plates.    i2mo,  cloth  limp,  price  5x. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 
wick,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c 
Second  Edition.    With  numerous  Woodcuts.    8vo,  yj.,  extra  cloth. 

Drawing  for  Builders  a7id  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne,  Author  of  a  **  Rudimentary  Treatise  on  Per- 
spective for  Beginners."    With  14  Plates,  4to,  *js.  6</.,  boards. 

CoNTBNTS. — I.  Practical  Rules  on  Drawing — Outlines.  II.  Ditto— the  Grecian 
and'Roman  Orders.  III.  Practical  Rules  on  Drawing — Perspective.  IV.  Practical 
Rules  on  Lif^ht  and  Shade.    V.  Practical  Rules  on  Colour,  &c.  &c 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  South  Kensington.  Second  Edition,  carefully  revised. 
With  upwards  of  300  Plates  and  Diagrams.  i2mo,  cloth, 
strongly  bound,  4;.  6^.  \Now  ready. 

**  Even  accomplished  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  them. 
A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engautring, 

*'An  indispensable  book  for  teachers  of  engineering  drawing.*'  —  Mechanic^ 
Magazine, 

CottageSy  Villas,  and  Country  Houses. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and 
COUNTRY  HOUSES ;  being  the  Studies  of  several  eminent 
Architects  and  Builders  ;  consisting  of  Plans,  Elevations,  and  Per- 
spective Views ;  with  approximate  Estimates  of  the  Cost  of  each. 
In  4to,  with  67  plates,  price  l/.  u.,  cloth. 

Builders  Price  Book. 

THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK. 
(Lockwood  &  Co.'s)  with  which  is  incorporated  Atchley's  Builder's 
Price- Book  and  the  Illustrated  Price-Book  for  1874,  containing  the 
present  prices  of  all  kinds  of  Builders'  Materials  and  Labour,  and 
of  all  Trades  connected  with  Building,  with  Memoranda  and 
Tables  required  in  making  Estimates  and  taking  out  quantities,  and 
Lists  of  the  Mcml)ers  of  the  Metropolitan  Board  of  Works,  of 
Districts,  District  Officers,  and  District  Surveyors,  and  the  Metro- 
ix>litan  Bye-laws,  with  Five  Plates,  containing  Plans,  Elevations, 
and  Views  of  Mansions,  Villas  and  Cottages,  and  a  Specification. 
Crown  Svo,  strongly  bound,  price  41. 
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Arcliitccts,  Professor  of  Arc 
Cullcpc,  London,  M.I.I  J./ 
Academics  of  tlic  ¥'mt  Arts- 
Contracts,  and  of  the  Res 
and  Builders.  By  W.  CuN 
the  Middle  Temple.  2  vol 
text,  and  33  Lithographic  PI: 

*'  In  these  two  yolumea  of  1,100 1M/(es  ( 
workft  are  given,  including  the  specincati* 
by  Sir  Charles  liarry,  and  for  the  new 
latter,  in  particular,  is  a  very  complete  a 
great  extent,  as  Mr.  Donaldson  mentions 
of  the  works,*  and  occupies  more  than  loi 

**  Amongst  the  other  known  building! 
the  Wilt^ire  Lunatic  Asylum  (Wyatt  an 
ham)  ;  theCity  Prison,  Hulloway(Bunnir 
Clothworkers'  Hall,  London   (Angel)  ; 
Houses  in    Grosvenor  Square,  and  els 
(Scott)  :  several  works  of  smaller  sire  by 
house  in  Fetter  I-one,  a  very  succesiiful  «1« 
Station  (J.  Dobson)  :  new  Westminster  B: 
castle  (R.  StephensMm]  :  various  wurks  o: 
and  one  Frenv.n  spcificntion  for  Houses  i 
HittorfT.  Pvllcchct,  .iml  Koh-nult  de  Kleu 
composition,  occupying  seventy  pages.     T 
{rations  in  the  sh.ii>e  of  elevations  and  plan 

"  We  are  most  glad  to  have  Uic  present 
valuable  still  as  a  l>ook  of  precedents. 

**  About  140  piigcs  of  the  scc<Mid  volum 
law  in  relation  to  the  le^al  liabiUties  of  en^ 
by  Mr.  W.  Cunningham  CIcn,  Rirristcr- 
tnan  for  the  legal  practitioner.  Suffice  i 
readers  will  have  cathercd  for  themselve'f 
Donaldson's  Handbook  of  Specifications  m 


Specifications  for  Practi 
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Granthanis  Iron  Ship-Building,  enlarged. 

ON  IRON  SHIP-BUILDING;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  410,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  i2mo,  cloth  limp,  also  considerably  enlarged, 
By  John  Grantham,  M.  Inst.  C.E.,  &c.     Price  2/.  zr.  complete. 

Description  of  Plates, 


4a 
5. 


•u   Hollow  and  Bar  Keds,  Stem  and 

Stem  Posts.  [Pieees, 

3.   Side  Frames,   Floorings,  and  Bilge 

3.  Floorings  r^«//«w^</— Keelsons, Deck 

Beams,  Gunwales,  and  Stringers. 

4.  Gunwales  contiHueil-^  Lower  Decks, 
and  Orlop  Beams. 

Gunwales  and  Deck  Beam  Iron. 
Angle-Iron,   T   Iron.    Z  Iron,  Bulb 
Iron,  as  Rolled  for  Building. 

6.  Rivets,  shown  in  section,  natural  si2e ; 

Flush  and  Lapped  Joints,  with 
Single  and  Double  Riveting. 

7.  Plating,  three  plans  ;  Bulkheads  and 

Modes  of  Securinz  them. 

8.  Iron  Masts,  with  Longitudinal  and 

Transverse  Sections. 

9.  Sliding  Keel,  Water  Balkist, Moulding 

the  Frames  in  Iron  Ship  Building, 
Levelling  Plates. 

zo.  Longitudinal  Section,  and  Half- 
breadth  Deck  Plan  of  Large  Vessels 
on  a  reduced  Scale. 

XI.    Midship  Sections  of  Three  Ves.sels. 

19.  Large  Vesself  showing  Details — Fore 
End  in  Section,  and  End  View, 
with  Stem  Post,  Cmtches,  &c. 

J 3.  Large  i^esset,shovr'mg  Details — ^ter 
End  in  Section,  with  End  .View, 
Stem  Frame  for  dcrew,  and  Rudder. 

14.  Lar^e  Vessel,  showing  Details— AfM^- 

ship  Section^  half  breadth. 

15.  Machines  for  Punching  and  Shearing 

Plates   and    Angle-Iron,    and    for 
Bending  Plates  ;  Rivet  Hearth. 
Z5tf.  Beam-Bending    Machine,    Indepen- 
dent Shearing,  Punching  and  Angle- 
Iron  Machine. 


153.  Double  Lever  Punching  and  Shearing 
Machine,  arranged  for  cutting 
Angle  and  T  Iron,  with  Dividing 
Table  and  Engine. 

16.  Machines. — Garforth*s  Riveting  Ma- 

chine, Drilling  and  Counter-Smking 
Machine. 
z6dr.  Plate  Pbning  Machine. 

17.  Air  Furnace  for  Heating  Plates  and 

Angle-Iron  :  Various  lools  used  in 
Riveting  and  Plating. 

18.  Cutnvale ;  Keel  and  Flooring ;  Plan 

for  Sheathing  with  Copper. 

z8<(.  Grantham's  Improved  Plan  of  Sheath- 
ing Iron  Ships  with  Copper. 

191.  Illustrations  of  the  Magnetic  Condi- 
tion of  various  Iron  Ships. 

ao.  Gray's  Floating  Compass  and  Bin« 
nacle,  with  Adjusting  Magnets,  &c. 

3Z.  Corroded  Iron  Bolt  in  Frame  of 
Wooden  Ship  ;  Jointing  Plates. 

39-4.  Great  Eastern — Longitudinal  Sec> 
lions  and  Half-breadth  Plans — Mid- 
ship Section,  with  Details — Section 
in  Engine  Room,  and  Paddle  Boxes. 

95-6.  Paddle  Steam  Vessel  of  Steel. 

27.    Scarbrough — Paddle  Vessel  of  Steel. 

28-9.  Proposed  Passenger  Steamer. 


30. 

32. 

33- 
34. 
35- 


Persian — Iron  Screw  Steamer. 
Midship    Section    of  H.M.    Steam 

Frigate,  Warrior. 
Midship    Section   of   H.M.    Steam 

Frigate,  Hercules. 
Stem,   Stem,  and  Rudder  of  H.M. 

Steam  Frigate,  BelUroj^hon. 
Midship  Section  of  H.M.  Troop  Ship, 

Seraj^is. 
Iron  Floating  Dock. 


*'  An  enlarged  edition  of  an  elaborately  illustrated  work.*' — Builder. 

"  This  edition  of  Mr.  Grantham's  work  has  been  enlarged  and  improved,  both  with 
respect  to  the  text  and  the  engravings  bein^  brought  down  to  the  present  period.  .  .  . 
The  practical  operations  required  in  producing  a  shipare  described  and  illustrated  with 
care  and  precision." — Mechanics'  Magazine. 

"  A  thoroughly  practical  work,  and  every  question  of  the  many  in  relation  to  iron 
shipping  which  admit  of  diversity  of  opinion,  or  have  various  and  conflicting  personal 
interests  attached  to  them,  is  treated  with  sober  and  impartial  wisdom  and  good  sense. 
.  .  .  .  As  good  a  volume  fur  the  instruction  of  the  pupil  or  student  of  iron  naval 
architectiure  as  can  be  found  in  any  language." — Practical  Mechanics*  journal. 


(( 


'  A  very  elaborate  work.    .  It  forms  a  most  valuable  addition  to  the  history 

of  iron  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 
his  study  for  many  years,  and  whose  qualincations  have  been  repeatedly  recognised, 
will  recommend  it  as  one  of  practical  utility  to  all  interested  in  shipbuilding."— '>4rmrx 
and  Navy  Gasette. 


.mr-fiarrgsaa 
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CARPENTRY,  TIMBER,  &C. 


Trcd;;old's  Carpcniry,  nevj,  eiti 
Edition. 


and  cheap-:; 


1  the 


ii:hT:n: 
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■  .;  Kin-Ii  of  W'Ad  i-^  in  Bai:  Jir.£ ;  »:,.> 

■  >.;ar.'.iir.{,'5  of  Ticil^rt:rf>r':;jfcrer.-.  ;.;.---■-«>, 

■  ',:  MaicrialJ,  Uc-     Bv  TiI'.maj  TiLi.i>j...La. 

■  \-i-:\.v.  I5ARI.'.-.v.  F.K.S.     FJJ^S  i::!::  r.  ccr- 

\V;;h  ^  I'li^e^  (ii  oTH'I.ich  r.-iw  f.rs:  if  J^ar 
.-■.'a!-  of  [he  Aa;!:'.r,  iinJ  ieveril  W.-,o;cs;i."  L: 
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NicJtolsofis  Carpenter  s  Guide. 

THE  CARPENTER^S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.     With  74  Plates,  4to,  i/.  ix.  doth. 

Dowsing s  Timber  MercJiant's  Companion. 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred  ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet ;  the  proportionate  Value  of  D^s  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information,  ^y  William  Dowsing, 
Timber  Merchant.     Second  Edition.     Crown  8vo,  31.  cloth. 

*'  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.    There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it" — H ull  Advertiser. 

Timber  Freight  Book, 

THE  TIMBER  ^  IMPORTERS'  AND  SHIPOWNERS* 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  WILLIAM 
Richardson,  Timber  Broker,  author  of  **  Packbg  Case  Tables,** 
&c.     Crown  8vo,  cloth,  price  6j. 


MECHANICS,  &c. 


Mechanics  Workshop  Companion. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT  ;  comprising  a  great  variety  of  (he  most 
useful  Rules  in  Mechanical  Science ;  with  numerous  Tables  of  Prac- 
tical Data  and  Calculated  Results.  By  W.  Templeton,  Author 
of  **The  Engineer's,  Millwright's,  and  Machinist's  Practical  As- 
sistant." Eleventh  Edition,  with  Mechanical  Tables  for  Operative 
Smiths,  Millwrights,  Engineers,  &c. ;  together  with  several  Useful 
and  Practical  Rules  in  Hydraulics  and  Hydrodynamics,  a  variety 
of  Experimental  Results,  and  an  Extensive  Table  of  Powers  and 
Roots.     II  Plates.    i2mo,  5^.  bound.  [^Recently published. 

"As  a  text-book  of  reference,  in  which  mechanical  and  commercial  demands  are 
judiciously  met,  Templeton's  Companion  stands  unrivalled." — Mechanic^ MagoMtne. 

**  Admirably  adapted  to  the  wants  of  a  very  lar^e  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work." — £ui(«tin^  Kr«>»« 
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*■  Kvery  ir.i:ch.Tr.!c  shdul.i  1  •_•■:  -^me  the 
prc'^nt  to  an  rtpprcniJi.c  ij  a:\y  of  tlie  ni« 

Designmgy  Measuring, 

THE  STUDEXrS  GUIE 
SURIXG,  and  VALUING  A 
Directions  for  taking  Dimensir 
the  Quantities  into  Bill,  wit 
Memoranda  for  the  Valuatioi 
specti\*e  Trades  of  Bricklayei 
Painter  and  Glazier,  Paperhan 
cuts.  Originally  edited  by  I 
Edition,  re- written,  with  Add 
tion,  and  several  useful  Tab 
Measurements.  By  E.  Wyne 
lOf.  6(/.  cloth. 

"  Tins  useful  book  should  be  in  every  i 
a  vast  axnouni  of  infonnation  absolutely  n 

"•  The  book  is  well  worthy  the  attention 
as  by  the  careful  study  of  it  hL>  pr>.)j;ress 

"  We  have  fAilexl  to  discover  anything  < 
cavatiii;;  foundations  tM  bcil-hanging,  tha 
M  i»rk." —  The  A  rtiziin. 

"  Mr.  Tam  has  well  performed  the  ta; 
further  and  valuable  adJ.t:  •t\<.  embodyin: 
the  tci.hnicalitics  and  n;i>dc>  uf  con>tructi 

1  uildins  tiTidc From  the 

eml'oiitrs.  and  the  care  taken  to  secure  ac> 
of  the  highest  value  t>.i  student  ■«,  whether  ti 
or  in  those  of  London  practilioncrv  ** — tV. 

'*  Altogether  the  Knik  i^  one  which  well 
ran  ihorouqhly  recommend  it  to  the  cLi<s 
Tam'.s  addition^  and  rcvi^onN  havr  miu-h 
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MATHEMATICS,   &c. 

Gregory  s  Practical  MatJiematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  thie  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
Pure  Mathematics— comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general. 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  Olinthus  Gregory, 
LL.  D. ,  F.R.  A.  S.  Enlarged  by  Hen  ry  Law,  C.  E.  4th  Edition, 
carefully  revised  and  corrected  bv  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  College;  Author  of  '*A  Course  of 
Mathematics,"  &c     With  13  Plates.     Medium  8vo,  i/.  u.  dodu 

"  As  a  standard  work  on  mathematics  it  has  not  been  excelled." — Artixan. 

"  The  engineer  or  architect  will  here  find  restdyr  to  his  hand,  rules  for  solving  nearly 
every  mathematical  difficulty  that  may  arise  in  his  practice.  As  a  moderate  acquaint- 
ance with  arithmetic,  algebra,  and  elementary  geometry  is  absolutely  necessary  to  the 
proper  understanding  of  the  most  useful  portions  of  this  book,  the  author  very  wisely 
nas  devoted  the  first  three  chapters  to  those  subjects,  so  that  the  most  ignorant  may  be 
enabled  to  master  the  whole  of  the  book,  without  aid  from  any  other.  The  rules  are  in 
all  cases  explained  by  means  of  examples,  in  which  every  step  of  the  process  is  deariy 
worked  out," — Builder. 

"  One  of  the  most  serviceable  books  to  the  practical  mechanics  of  the  country.  . 
The  edition  of  1847  was  fortunately  entrusted  to  the  able  hands  of  Mr.  Law,  who 
revised  it  thoroughly,  re-Wrote  many  chapters,  and  added  several  sections  to  those 
which  had  been  rendered  imperfect  by  advanced  knowledge.  On  examining  the  various 
and  many  improvements  which  he  introduced  into  the  work,  they  seem  sumost  like  a 
new  structure  on  an  old  plan,  or  rather  like  the  restoration  of  an  old  ruin,  not  <Mily  to 
its  former  substance,  but  to  an  extent  which  meets  the  larger  requirements  of  mooem 
times.  ....  In  the  edition  just  brought  out,  the  work  has  again  been  revised  by 
Professor  Young.  He  has  modernised  the  notation  throughout,  introduced  a  few 
paragraphs  here  and  there,  and  corrected  the  numerous  typographical  errors  whidi 
nave  escaped  the  eyes  of  the  former  Editor.    The  book  is  now  as  complete  as  it  is 

possiUe  to  make  it We  have  carried  our  notice  of  this  book  to  a  greater 

length  than  the  space  allowed  us  justified,  but  the  experiments  it  contains  are  so 
interesting,  and  the  method  of  describing  them  so  clear,  that  we  may  be  excused  for 
overstepping  our  limit.  It  is  an  instructive  book  for  the  student,  and^  a  Text- 
book for  him  who  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally  to 
refresh  his  memory  upon  them." — Building-  New*. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  H. 
DowLiNG,  C.  E.  Second  Edition,  revised  and  enlarged.  8vo, 
lor.  dd,  strongly  bound. 

'*  Mr.  Bowling's  Tables,  which  are  well  put  together,  come  just  in  time  as  a  ready 
reckoner  for  the  conversion  of  one  system  into  the  other." — Atktmmm. 

"  Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer-RoyaL**— 
Builder. 

"  Resolution  8. — ^That  advantage  will  be  derived  from  the  recent  pubUcation  of 
Metric  Tables,  by  C  H.  Dowling,  Q.^'*— Report  0/ Section  F,  British  A tweiati^M, 
Bath. 


; 
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Inzjoods  Tables,  greatly  enlarged  and  improved. 

TAlil.KS  V'jV.  THK  purchasing  of  ESTATES,  Frediold, 
^'.■■]\\.-iA,  or  I^:i^-:i'iM ;  Ammities,  AdttnTsoiu,  ttc,  and  far  tlie 
l-.ii:WLn-i  'A  Ijii^Ki  licM  under  Cathednl  Cburchcs,  Collcm,  or 
•iWkt  i/iiwitS'.i:  li'i-lici ;  for  Tennt  of  Van  cgrtjin,  and  for  liTcs  ; 
ul/j  fijr  Va^'jii.g  Kevcriionaiy  Eitato,  DdicTTed  AuimitMS,  Next 
I'tvm'MyiiTi;  Ci.1..,  t'lf^clher  wilh  Smait'i  Five  Tablca  of  Componttd 
Iiitere>C,  aii'l  an  hxten-ion  of  the  lame  to  Loirer  and  Inlcrnudiate 
Kale.  Ily  Wil.LMM  IswooD,  Arcbilect.  The  iSlh  edition,  with 
•.•irt^\t\i:tW.''.<!  aiMiii'in.i,  and  new  and  valuable  Tables  of  Logarithmt 
fi>r  the  iii"ri:  Ijiflicull  Computations  of  the  Intense  of  Money,  DU- 
n.unt,  Ani.ui'.its  (tc,  by  M.  FiixiH  Thomas,  of  the  Sodete 
Crc<lit  Mol.ilii-r  of  I'aiis.     lanio,  %t.  doth. 

•/  riiii  flilhn  [Ibf  iVh)  diffirs  if  many  imforlanl  fariiai^ari 
/mm  formi^r  oneu  Tkt  changes  ceiuiil,  first,  in  a  mare  roHveniml 
ttiiit  !y  lematk  arranxfttnt  ytketriginal  TaHa,  and  in  Iht  nmaoal 
i<f  ifrt'iin  Humtriial  errors  tiikith  a  very  careful  rrvision  of  thtwheit 
has  tiiahlfii  the  pnstnt  tditer  la  diseaoer ;  end  secondly,  in  the 
ext.nuim  nf  praeticat  utility cenffrrtd tn  tietmrrify  Ihe  intrixhiilion 
ol  Tablis  nma  iaurlcitfor  {hi  first  tinu.  This  nea  and  important 
matter  is  all  sa  much  actually  added  la  Inwood's  Tables  ;  nMing 
hit  r  itai  al-itrailni  from  the  original  coUtelien :  to  that  these  vihe  Atav 
hva  Imij^in  tht  habit  of  centulling  Inwood  Ar  any  special frofit- 
sitmai purpose  will,  as  heretofore,  find  the  infirtiialion  sought  itiii  in 
Its  pages. 
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SCIENCE  AND  ART. 


The  Military  Sciences, 

AIDE-M£M0IRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols,  royal  8vo,  extra 
cloth  boards,  and  lettered,  price  4/.  lar. 

"A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  vel' 
Achttd.'^-'Edmlmrgk  Review. 

'*  The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences. 
Among  the  list  of  contributors,  some  serenty-seven  in  number,  will  be  found  names  of 
the  highest  distinction  in  the  services." — Volunteer  Service  Gatette, 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY,  MINING,  and  RECON- 
NOITRING.  By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  price  \zs,  complete. 

Naval  Scie7ice,     Edited  by  E,  y.  Reed,  C,B. 

NAVAL  SCIENCE :  a  Quarterly  Magazine  for  Promoting  the 
Improvement  of  Naval  Architecture,  Marine  Engineering,  Steam 
Navigation,  and  Seamanship.  Edited  by  K.  J.  Reed,  C.B.,  late 
Chief  Constructor  of  the  Navy.  Copiously  illustrated.  Price  2s.  (xi. 
No.  7,  October,  1873,  now  ready.  (Vol.  I.,  containing  Nos.  I  to  3, 
may  also  be  had,  cloth  boards,  price  los.  61/.) 

*»*  T/t£  Contributors  iiulude  the  most  Eminent  AutJwrities  in  the  several 

branches  of  the  above  subjects. 

Dye-  Wares  and  Colours, 

THE  MANUAL  of  COLOURS  and  DYE- WARES :  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers,  &c.  By  J. 
W.  Slater.     Post  8vo,  cloth,  price  71.  td. 

**  A  complete  encvclopaedia  of  the  tnateria  tinctoria.  The  information  given 
respecting  each  article  is  full  and  precise,  and  the  methods  of  determinmg  the  value 
of  articles  such  as  these,  so  liable  to  sophistication,  are  given  with  clearness,  and  are 
practical  as  well  as  valuable."— CAnwi>/  and  Druggist, 

Electricity, 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 
netism,  Diamagnetism,  Electro-Dynamics,  Magno- Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S., 
Lecturer  on  Chemistry  at  St.  George's  Hospital.  Fourth  Edition, 
entirely  rewritten.    Illustrated  by  500  Woodcuts.   8vo,  i/.  4^.  cloth. 


"The  commendations  already  bestowed  in  the  pares  of  the  Lancet  on  the  former 

than  ever  merited  by  the  present.    The  accounts  give 
of  electricity  and  galvanism  are  not  only  complete  m  a  scientific  sense,  but,  which  is 


editions  of  this  work  are  more  than  ever  merited  by  the  present.    The  accounts  given 
of  electricity  and  galvanism  are  not  only  complete  11 
rarer  thing,  are  popular  and  interesting." — Lancet. 
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Text-Book  of  Electricity. 

THE  STUDKNTS  TEXT-BOOK  OF  ELECTRICITY:  in- 
eluding  M3);neti4m,  Voltaic  Eleclricily,  Electro- Magnetism,  Dia- 
magnttism,  Magnclo- Electricity,  Thermo-Electridty,  and  Electric 
Telegtapliv.     Ikiiig  a  Condensed  Rteimc  of  the  Theory  and  Ap- 

!>licaliuii  of  KK'Ctricil  Science,  uicludiDg  its  latest  Fisctical  Deve- 
opments,  particularly  as  relating  to  Aerial  and  Submarine  Tele- 
graphy.    By  Henry  M.  Noad,  Ph.D.,  Lecturer  on  Chemistry  it 
SL  Geoi^'j  Hospital.      Post  Svo,  400  Illustrations,  izi.  &/.  cloth. 
"  Wc  can  r«onuaen<1  Dr.  Noad'tbook  fDrclev  ttylc,  ffrcat  ranee  of  lubjcct,  a  good 
iadcx.  and  a  plclbftr;!  gf  wuodnui^" — Atfun^ttm, 
"A  DKKt  ebbnraie  ciinpiljilon  of  the  (acn  of  eleclricily  and  magnclism.  and  of  Ihe 


uch  iofonnatiai  on  eiqMri- 


b.  "-EnttUh  Mtdtam. 


Rudimentary  Magnetism. 
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Science  and  Art. 

THE  YEAR-BOOK  of  FACTS  in  SCIENCE  and  ART ;  ex- 
hibiting  the  most  important  Improvements  and  Discoveries  of  the 
Past  Year  in  Mechanics  and  the  Useful  Arts,  Natural  Philosophy, 
Electricity,  Chemistry,  2k)ology  and  Botany,  Geology  and  Mine- 
ralogy, Meteorology  and  Astronomy.  By  John  Timbs,  F.S.A., 
Author  of  "Curiosities  of  Science,"  "Things  not  Generally 
Known,"  &c     With  Steel  Portrait  and  Vignette.     Fcap.  y.  cloth. 

\*  This  work,  published  annually,  records  the  proceedings  of  the 
principcU  scientific  societies,  and  is  indispensable  to  all  who  wish  to 
possess  a  faithful  record  of  the  latest  novelties  in  science  and  the  arts. 

The  back  Volumes,  from  1861  to  1873,  each  containing  a  Steel 
Portrait,  and  an  extra  Volume  for  1862,  with  Photograph,  may  still 
be  had,  price  5x.  each. 

'*  Pentons  who  wish  for  a  concise  annual  summary  of  important  scientific  events  will 
find  their  desire  in  the  *  Year  Book  of  Facts.' " — Athemntm. 

**  The  standard  work  of  its  class.  Mr.  Timbs's  '  Year  Book '  is  alwrays  full  of  sugges- 
tive and  interesting  matter,  and  is  an  excellent  risumi  of  the  year's  progress  in  the 
sciences  and  the  arts.** — Builder, 

"  A  correct  exponent  of  scientific  progress  ....  a  record  of  abiding  interest  If 
anyone  wishes  to  know  what  progress  science  has  made,  or  what  has  been  done  in  any 
branch  of  art  during  the  past  year,  he  has  only  to  turn  to  Mr.  Timbs's  pages,  and 
is  sure  to  obtain  the  required  information." — Mecfutnic^  Magazine, 

** There  is  not  a  more  useful  or  more  interestingcompilation  than  the  'Year  Book  of 
Facts.'  .  .  .  The  discrimination  with  which  Mr.  Timbs  selects  his  facts,  and  the  admi- 
rable manner  in  which  he  condenses  int^^  comparatively  short  space  all  the  salient 
features  of  the  matters  which  he  placeajWi  record,  are  deserving  of  great  praise."^ 
Hallway  News, 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Series  of  Essays  on— i. 
Alleged  Discrepancies ;  2.  The  Theory  of  the  Geolc^ts  and 
Figure  of  the  Earth  ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supematurally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars— their  Distances  and  Masses.  By  Professor 
J.  R.  Young,  Author  of  **  A  Course  of  Elementary  Mathematics^" 
&c.  &c«     Fcap.  8vo,  price  5J.  cloth  lettered. 

"  Professor  Young's  examination  of  the  early  verses  of  Genesis,  in  connection  with 
modem  scientific  hypotheses,  is  excellent."— ^m^/mA  Churchman, 

**  Distinguished  by  the  true  spirit  of  scientific  inquiry,  by  great  knowledge,  by  keen 
logical  abifity,  and  by  a  style  peculiarly  clear,  easy,  and  eneiigetic" — Nonconfttrtnist, 

**  No  one  can  rise  from  its  perusal  without  being  impressed  ^th  a  sense  of  the  sin- 
gular weakness  of  modem  scepticism." — Baptist  Magazine. 

"  A  valuable  contribution  to  controversial  theological  literature." — City  Press, 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rev. 
John  Carr,  M.A.,  late  Fellow  of  Trin.  ColL,  Cambridge.  Second 
lEdition.     i8mo,  ^s,  cloth« 


:0         W'jKKS   nULlSHED  BY   LOCKWOOD  &  CO. 

/^'■-.  Lai'iiiiL-rs  Museum  of  Science  and  Art. 

THE  ML^KIM  OF  SCIENCE  AND  ART.  Edited  by 
I':  .sv-: .  -  l.'ii.:>KK,  IXC.I.,  formerly  rrofi:s£or  of  Natural  Phi- 
!.--.Tl!V2;:l.\i;riini>mvinUmverMt7Colli^,Londoii.  Contests: 
Thc'l'Li::.;'  ;  ere  tl-.ov  inhabited  Worlds  ?— Weather  Prognostics— 
Por-^lir  K.-.::.il;i:i  in  lOaeslions  of  Ph>-sical  Science— Latitudes  and 
LijK^I:i:  U — l.-.:rir  Intlaences — Meteoric  Stones  and  Shooting 
Mars —  Kiilw.iy  Actidenls  —  JJght — Common  Things  :— Ait — 
I.ienm.'tL^in  in  the  lniti.-ii  Slates— <;oioetar>'  I  nfiucnces— Common 
ThinKf:  W.i:er-T;ie  I'otteri  An— Common  Things:  Eir«- 
I^iVW^Hjlion  :nl  Transport,  their  Influence  and  Progress — The 
Mo™-C<r.-.:.i ..n  Tliinu* ;  The  Earth— The  Eieclrie Telegraph— 
TcrTe*tiial  llts! — Tlie  riun — Earthquakes  and  Volcanoes — Baro- 
meter. Salc-.y  Limp,  and  Whitworth's  Micrometric  Apparatus — 
Sli-iii — Tile  ^itam  Engine — The  Eye — The  Atmosphere — Time 
— Common  Things:  I'umps — Common  Things  :  Spectacles,  the 
K.i!e:  !o-co[ie— Citiclis  and  Watches — Microscopic  Drawiiu;  and 
Kngrai'in;; — L--c.jmo;ii-e — Thermomeler — New  Planets  :  Lever- 
rler  anil  A'!a:u¥'s  Ptanvt — llagnttude  and  Minuteness — Common 
Thin^-i:  Tlie  Aimanack— Optical  Inu^s— How  to  observe'.thc 
IK-'vuu' — Ciimninn  'things  :  the  Looking-glass — Stellar  Univeric 
— T!iv"  Ti.lts  —  Colour  —  Common  Things!  Man  —  Magnifjring 
(;:,»>«*— I  r.-ii net  and  Intelligence— The  Solar  Microscope — The 
C-.nit:r:t  I.-.-.cida — The  Magic  Lantern — The  Camera  Obscara — 
T-it-  Mie^'^c■)■J;— The  While  Ants  :  Iheir  Manners  and  Hatnts— 
Tlio  ,^urr:ii-(.'  i.t  ttit  ICnrtli,  or  First  Nollons  of  CfO!,T.!phy-Sdcn;:e 
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DR.   LARDNER'S    SCIENTIFIC    HANDBOOKS. 
Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  By  DiONYSius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  Third  Edition.  Re- 
vised and  Edited  by  Edwin  Dunken,  F.R.A.S.,  Superintendent 
of  the  Altazimuth  Department,  Royal  Observatory,  Greenwich. 
With  37  plates  and  upwards  of  100  Woodcuts.  In  i  vol.,  small 
8vo,  cloth,  550  pages,  price  Ts.  6d. 
"  We  can  cordially  recommend  it  to  all  those  who  desire  to  possess  a  complete 
manual  of  the  science  and  practice  of  astronomy." — Astronomical  Reporter, 

Optics. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.A.  Lond.,  of  University  College.  London. 
With  298  Illustrations.     Small  8vo,  cloth,  448  pages,  price  5s. 

Electricity. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 

ACOUSTICS.     New  Edition.     Edited  by  Geo.  Carey  Foster, 

B.  A.,  F.C.S.    With  400  Illustrations.     Small  8vo,  cloth,  price  5s. 

**  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 

the  terse  and  lucid  style  of  L^rdncr,  while  correcting  his  errors  and  brining  up  his 

work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  \_Rfprintittg. 

Hydrostatics. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMA- 
TICS. New  Edition,  Revised,  and  P^nlarged  by  Benjamin 
LoEWY,  F.R.A.S.     With  numerous  Illustrations.      [In  the  press.. 

Heat. 

THE  HANDBOOK  OF  HEAT.  New  Edition,  Re-written  and 
Enlarged.     By  Benjamin  LoEWY,  F.R.  A.  S.  [Preparing. 

Anivial  Physics. 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.  With  520 
Illustrations.     New  edition,  small  8vo,  cloth,  Is.  dd.  732  pages. 

[Just  published. 

Electric  Telegraph. 

THE    ELECTRIC   TELEGRAPH.      New  Edition.      Revised 
and  Re-written  by  E.  B.  Bright,  F.R.A.S.     140  Illustrations. 
Small  8vo,  3^.  (kI.  cloth. 
*'  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph.'' — Eng.  Mechanic. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.     By  Dr.  Lardner 
328  Illustrations.     Fifth  Edition,     i  vol.  y.  6d.  cloth. 
"A  very  convenient  class-book  for  junior  students  in  private  schools.     It  is  in- 
tended to  convey,  in  clear  and  precise  terms,  general  notions  of  all  the  principal 
divisions  of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  Dr.  Lardner. 
With  190  Illustrations.     Second  Edition,     i  vol.  y.  6d.  cloth.  ^ 
"Clearly  written, wen  arranged, and  excellently  illustrated."— Corrfmer'iCKrwwcU* 
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INSTRUCTIONS  in  WC 
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T  somely  printed,  with  Ten  lai 

"  **  The  handicraft  f-f  the  wood<an-er, 
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Popular  Work  on  Pat 

;  PAINTING    POPULARL 
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Delamoiie's  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION  ;  for  the 
use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTE.     Small  4to,  price  91.    Elegantly  bound,  cloth  antique. 

*' A  handy  book,  beautifully  illustrated  ;  the  text  of  which  is  well  written,  and  cal- 
culated to  l>e  usefuL  .  .  .  The  examples  of  ancient  MSS.  recommended  to  the  student, 
which,  with  much  good  sense,  the  author  chooses  from  collections  accessible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste." — Athenetum, 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  smail,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Architectural  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&C.  &c.  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4J.  cloth. 

"A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years'  study  and  research.  For  those  who  insert  enamelled  sentences 
round  gilded  chalices,  who  blazon  shop  legends  over  shop-doore,  who  letter  church 
walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  useful." — Athenteum, 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4^.  cloth. 

"  To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  talent  wkich 
has  been  expended  m  the  conception  of  the  various  plain  and  ornamental  letters  is 
wonderful. " — Standard. 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood.  Containing  2 1  Plates,  and  Illuminated  Title, 
printed  in  Gold  and  Colours.  With  an  Introduction  by  J.  WiLLIS 
Brooks.     Small  4to,  6x.  cloth  gilt. 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
all  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  sometimes 
with  a  sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be 
only  comparable  to  one  of  those  delicious  love  letters  symbolized  in  a  bunch  of  flowers 
wellcelected  and  cleverly  arranged." — Sun. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alpliabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  8vo,  7J,  (>d.  in  ornamental  boards. 
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AGRICULTURE,   &c. 


Youatt  and  Bnyn's  Complete  Grazier. 

THK  COMrr.KTE  GRAZIER,  and  FARMER'S  and  CATTLE- 

ISKKKDKK'S  ASSISTANT,  A  Compendium  of  Husbandly. 
IJy  William  ^"oiatt,  Esq.,  V.S.  nth  Efliiion,  enU^ed  by 
kdiiF.UT  Scott  Burn,  Auihor  of  "The  Lessons  of  My  Firm,"  4c 
Uiie  lAr^c  Svo  volume,  784  pp.  wilh  215  Illuslmtions.  U.  u,  luUf-bd. 


Oh  iUBmdiK;.  S.;inns,  FatltntHf 
andGfwiil  M^aagrmr^l  ^/Xcal  CallU. 
—\  nlrod  iiclory  View  of  ih  c  liiffcrcnt  Breeds 
of  Nnt  (jllfc  ID  Gri..al  Brum. -Com- 
nanlivc  Vies  of  the  dilTcrenl  BreoU  a! 
Neit  Catrtt— Orneial  OlMr>-aiioia  on 

— ■ffia'uil.-Thc  (fot.-^QtmcziWirf 


.1  Fiind  r, 


f^i  ZJ«i>r.— Milc£  Kiiu.-i'juurc  and 
uJiH  Food  btlt  dlcrUltd  for  Cowl,  u 
;i  rcK^irdi  Iheir  Milk.— SilimlJDn  and 
lluild>iii<  pcuper  Tur  a.  Dairy,  and  Ihe 


Oh  lir  Dianur,  af  Ctll2t,-T>atait» 
iDcidendD  C:iidff. — UEseucaDrCUvef.— 
Diieucs  of  Horaei.  — DUoiei  of  Sheep,— 
Ditea«c«  of  Lorn  bt. — Dt^caKs  Inddcnl  to 

menii:  Fowls,  Pistons.  Sc— ftWeda, 
or  Wcb-fcal«i  kLidl.— DiseaKs  of  Fowli. 
O-  Farm  omen  and  /HjHVxn/i  ftf 
llmbtuidrj.—Tht  Fana-horae,  rhc  FatB- 
J^d,  and  its  Offices, —ConKr       ' 
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Scott  Burris  System  of  Modern  Farming. 

OUTLINE  OF  MODERN  FARMING.     By  R.  Scott  Burn. 

Soils,    Manures,    and    Crops — Farming  and  Fanning  Economy, 

Historical  and  Practical — Cattle,  Sheep,  and  Horses — Management 

of  the  Dairy,  Pigs,  and  Poultry,  with  Notes  on  the  Diseases  of 

Stock — Utilisation  of  Town-Sewage,  Irrigation,  and  Reclamation 

of  Waste  Land.     New  Edition.     In  i  vol.  1250  pp.,'  half-bound, 

profusely  Illustrated,  price  \2s, 

"There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 

from  going  far  wrong  in  any  of  hLs  operations.     .     .     .     The  author  has  had  great 

personal  experience,  and  his  opinions  arc  entitled  to  every  respect" — Observer. 

Scott  Burns  Introduction  to  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
and  Pigs,  and  in  the  Keeping  of  Farm- work  Records.  By  ROBERT 
Scott  Burn,  Editor  of  "  The  Year-Book  of  Agricultural  Facts," 
&c  With  numerous  Illustrations.  Fcp.  6x.  clotli. 
*'  A  most  complete  introduction  to  the  whole  round  of  farming  practice." — John 

Bull. 

"There  are  many  hints  in  it  which  even  old  farmers  need  not  be  ashamed  to 

accept," — Morning  Herald. 

Tables  for  Land  Valuers, 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 
on  a  very  much   improved  Plan,   for  Calculating  the  Value  of 
Estates.     To  which  are  added.  Tables  for  reducing  Scotch,  Irish, 
and  Provincial  Customary  Acres  to  Statute  Measure ;  also,  Tables 
of  Square  Measure,  and  of  the  various  Dimensions  of  an  Acre  in 
Perches  and  Yards,  by  which  the  Contents  of  any  Plot  of  Ground 
may  be  ascertained  without  the  expense  of  a  regular  Survey  ;  &c. 
By  R.  Hudson,  C.E.     New  Edition,  price  4r.  strongly  bound. 
"  This  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  term 
of  years :  and  for  showing  how  to  lay  out  plots  of  ground  of  certain  acres  in  forms, 
Sfjuare,  rouna,  ^cc,  with  valuable  rules  fur  ascertaining  the  probable  worth  of  standing 
timber  to  any  amount :  and  is  of  incalculable  value  to  the  country  gentleman  and  pro- 
fessional man." — Farmer^ s  Journal. 

Auctioneer  s  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally; 
with  Prices  for  Inventories,  &c  By  JOHN  Wheeler,  Valuer,  &c. 
Third  Edition,  enlarged,  by  C  NoRRis.  Royal  32mo,  strongly 
bound,  price  ^s,  \Recently published. 

"  A  neat  and  concise  book  of  reference,  containing  an  sudmirable  and  dearly- 
arranged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  determine  the 
value  of  furniture,  &c." — Standard. 

The  Civil  Service  Book-keeping. 

BOOK-KEEPING  NO  MYSTERY:  its  Principles  popularly  ex- 
plained,  and  the  Theory  of  Double  Entry  analysed.  By  an  Expe- 
rienced Book-Keepef,  late  of  H.M.  Civil  Service.  Second 
Edition.  Fcp.  8vo.  price  2J.  cloth. 
*'A  book  which  brings  the  so-called  mysteries  within  the  comprefaensioa  of  the 
simplest  capacity."— vS'mm^  Timet. 
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— DOWBB  AND  DiVOKCB — ElECTI 
AND  SlaKDBB— MOSTCACBS— Sb 

Tbadb  Mabks  and  Patents — ' 
Land,  etc. — Warranty — Will 

AIs 

Landlord  and  Tenant — Master  and  ! 

Devisees,  and  Legatees — Husband 

and  Ward — Married  Women  and 

Borrower—  Debtor  and  Creditor— 

ciatioos — Friendly  Societies— Gerg 

&c.  --Bankers — Farmers — Contract 

and  Gamekeepers— Farriers  and  ! 

Innkeepers,  &c. —  Pawnbroken — S 

**  A>  Englishman  enght  to  he  tvitk 

formed  on  legal  matte r«,  who  may  requ 

will,  by  reference  to  this  Uiok,  acquire 

occasions  save  the  expense  and  loss  of 

"  It  is  a  complete  code  of  English  I 
understand  .  .  .  should  be  in  the  hands 
abolish  lawj-eri*  bill-." — ll'c^kiy  Times. 

**  A  u<>eful  and  concise  ej^tomc  of  the 
lifagazine. 

"  What  it  professes  to  1-c — a  complete « 
intelligible  to  non-profe*'<innal  readers, 
ness  when  some  knott>'  puint  requires  re: 
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IHI  PBIZE  KEDAI,  DrTEKBAnoiTAL  KZmBITIOir,  UCS, 

wu  awaided  to  Ui»  PnblUhert  of 

"Wwltfi  Btjbi." 

A  NET  LIST 

OF 

WEALE'S 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 

AND  CLASSICAL  SERIES. 

Thai  popular  and  thtaf  Srritt  sf  Books,  ,iow  comfntinx  rnarh  Thrrr  i 
JillimUKorJa  imalmoil  ntry  dlfarfmrnl  of  Scinct.  Art.  and  Hiuu,l,.m 
■I  of  F.tgi-tfn,  A-ckitrett.  Bmldrrt 


a  aj  lo  those  iHlrrttttd  In   I 


EUDIHENTABT   SCIENTIFIC    SERIES. 

ARCHITECTURE,  BUILDING,  ETC. 

No. 

lb.  ARCHITECTURE— ORDERS— Thi  Orders  and  their  .Esthetic 
IVincipln.    HvW.  H.Lktds.    Jlluitraled.    ii.6d. 

17.  ARCHITECTURE— STYLES-TYie  History  and  Description  of 

the  .Slvl»  of  Architecture  of  Variunl  CDanlHei,  from  the   F.^iilinC   to  the 
Pn«.-iil  Period.    UyT.  Talbot  Hv>v,  P.R.I. B.A^  be.    tlluiiraled.    n. 
•/  OiiD'HS  AND  .Styles  o»  AnrHii.nuK.,  •••  One  Vol.,  jt.  td. 

18.  ARCIIITECTURE^DESIGN-TYie   Principles    ot    Uesign    in 
.„v:. j.j„.ii.,  ..._  U-. -■ -lempliitd  in  the  Work!  of  Ih 


aa.  THE  ART  OF  BUILDING,  Rudiments  of.     Geneial  Principles 

of  CanitrueliDii,  Maleriili  uiul  in  Huilding,  Slrenglh  i.n(I  Uh  of  Malenall, 
Working  Dranrina>,  Spctifications,  and  Eslimalci.     By  Kdwabd  Dossok, 
M.K.I.H.A.,  •<<-.  llWrated.    11.  6d. 
33.  BRICKS  AND  TILES,  RndimenOiy  Tiealt-e  on  the  Manufac- 

UM-os.Mlk.lX^rwiiji  Addition!  hvC?Tiiii"wso»rF.R!s.l"fuietai^d,''K! 
45.  MASOkRY  AND  STONECVTTING,  Rudimenlaiy  Treatise 
on  ;  in  which  the  Principiei  of  Maunic  Pnnecllon  and  tbeir  applicilion  to 
the  Conitmctian  of  Curved  Wing-Wa]l>,  bomn,  Oblique  Arideei,  and 
Roman  snd  Gothic  Vaullinr,  are  concimly  expluned.  Bv  Kdwaru  Uduoh, 
M3.I.B.A.,  kc      lllumiale^wilh  Plato  and  biagrama,    11.  «d. 

44.  FOUNDATIONS  AND  CONCRETE  H'O^A'J,  a  Rudimentarj- 

W^kiTw^ilh'  the'olS»"*Mode>"^'Tn!«tnien^ranS*Pia^al  fM^iit"'^ 
Foolinn,  Planting,  .Sand.  Conrrele  B*.on,  Pile-drivlnB,  Cai.KMJ.  >nd 
ColFerdami.    Br  £.  DoBSON.  M.K.I.I3.A.,  be.     Third  Edition.  rcTiial  by 


C.E.    llluslratrd.    1 


LOCKWOOD   AND   CO.,    7,    STATIONERS    1 


-  COURT,   E.C. 


1  wf.ale's  rudimentary  series. 

Architecture,  Building,  «tc.,  cmtliitutd. 
4S,  COTT.t(SE  Bl'lLDING ;  or,  Hints  fot  Improrinf;  the  Dwellingi 
of  Il>i>  Wuikin^  1-:a><.i  an.1  tlie  [jtbaurinic  Pnor.    BrC.  Itiircit  Aliik, 
ATi'hiirti.  With  .V.rt.'i  and  .Add>Iiani  by  Johh  W'aih  and  othcn.  Elci-nA 
1-diti.a.  t«-i>.^!  .in>1  >'nr.iiEi-d.    Xiiik.idii'i  lllo«riti.,ni>.    it.  6rl. 
4;.  LL\tES.  CEMKXTS.  MORTARS.  CO.VCRETES,  MAST/CS, 
)'L\S11''KIN<1.  IH'..  Kiulimcntaiy  Tmliu  on.    llfti.K.  Bl-aiiEi.L,  C.b. 
NintliK'l-t-.n.  Hith  Vpi>'iu1irn.    ■■■lid. 
;-,   irAR.V/XJ   AXn   VENTILATION,  a  Rndimentaty  Titariw 
i>L :  \-.-:r.i  .1  ^'.'.'l..-  I'.ipnililDii  of  HwUraenl  FrindplMiif  UieAn  nlW*™- 

Ini-  .,T|  Vrntii-iiinj  l».«BnnU-  and  PuHIr  Bundnn.  Mines 

-i'"..  !V'.    ]!iM  iMxii.<T>i]ii.nfiw,  rJt^..  »c.    iTtyitninl. 
>.;•■.  (■(.MN/A';t"//»'.\"  OF  DOOR  LOCKS.     romj.ilciJ   from  the 

ii'i'^^.^.'f.KV.' 


_ _    .. ,  ...ll'wilh.lTlM. „ 

>-i:.'['-: :  r.:i  l.r.r.     Ily  Wiu.ub  Huhd.    lllnsttdli.'d.     II.6J. 

HE  A<.OVSriCS  OF  PURLIC  BUILDlSaS;  or.  The 
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weale's  rudimentary  series. 


CIVIL   ENGINEERING,   ETC. 

13.  CIVJL  ENGINEERING,  the  Rudiments  of;  for  the  Use  of 
Beginners,  for  Practical  Engineers,  and  for  the  Arm^f  and  Navy.  By  Henry 
Law,  C.S.  Including  a  Section  on  Hydraulic  Enfmeerinr,  by  Gkorgr  R. 
BuRNiLL,  C.E.  sth  Edition,  with  Notes  and  fUnstrations  by  Robcrt 
Mallet,  A.M.,  F.R.S.    Illustrated  with  Plates  and  Diagrams.    5s. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.    By  G. 

Drysdalk  Dbmpsby,  C.E.    New  Edition,  revised  and  enlarged.  Illustrated. 
IS,  6d. 

30.  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS.      Bj 

G.  Drysdalr  Dsmpsby,  C.E.    New  Edition.    Illustratod.    is.  6d. 
•••  With  "  Drainage  0/ Disfricis  and  Lands,**  in  One  VoL,  3*.  dd, 

31.  WELL-DIGGING,    BORING,    AND    PUMP- WORK,      By 

John  George  Swindell,  Assoc  R.I.B.A.    New  Edition,  revised  b^  G.  R. 
Burnbll,  C.E.    Illustrated,    is. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  Rudi- 
mentary Treatise  on ;  for  Building  and  other  Purposes,  with  the  Con- 
stituents and  Analyses  of  Granite,  Slate,  Limestone,  and  Sandstone  :  to 
which  is  added  some  Remarks  on  the  Blowing  up  of  Bridges.  By  Gen.  Sir 
John  Burgoyne,  Bart.,  K.C.R.    Illustrated,    xs.  6d. 

43.  TUBULaR  AND  OTHER  IRON  GIRDER  BRIDGES. 
Particularly  describing  the  Britannia  and  Conway  Tusular  Bridges. 
With  a  Sketch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Iron  to  the  Art  of  Bndge  Building.  By  G.  D.  Dbmpsby,  C.E^ 
Autnor  of  *'  The  Practical  Railway  Engineer,^'  8cc.,  Sic.  New  Edition,  with 
Illustrations,    is.  6d. 

46.  CONSTRUCTING  AND  REPAIRING  COMMON  ROADS, 

I  Papers  on  the  Art  of.    Containing  a  Survey  of  the  Metropolitan  Roads,  by 

S.  HuGHBS,  C.E. ;  The  Art  of  Constructing  Common   Koads,  by  Henry 

;Law.  C.E.;    Remarks  on  the  Maintenance  of  Macadamised  Roads,  by 

.Field- Marshal  Sir  John  F.  Burooynr,  Bart.,  G.C.B.,  Royal  Engineers, 

62.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
struction on  the  Science  of.  By  Sir  Macdonalo  Stephenson,  C.E,, 
Managing  Director  of  the  East  India  Railway  Company.  New  Edition, 
revised  and  enlarged  by  Eowaro  Nugbnt,  C.E.  Plates  and  numerous 
Woodcuts.    3s. 

hz*.  RAILWAYS;  their  Capital  and  Dividends.    With  Statistics  of 

their  Working  in  Great  Britain,  Sec,  &c.    By  E.  D.  Chattaway.     is. 

8o»,  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Eml)ankments^  and  also  Practical  Remarks  on  the 
Repair  of  old  Sea  Walls.  By  John  Wiggins,  F.G.S.  New  Edition,  with 
Notes  by  Robkrt  Mallkt,  F.R.S.    as. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencin|3i:  Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raismg  Water.  By  Samuel  Hughes,  F.G.S.,  C.E.  New  Edition, 
revised  and  enlarged,  with  numerous  Illustrations.    4s. 

82»».  GAS  WORKS,  and  the  Practice  of  Manufacturing  and  Distributing 
Coal  Gas.  By  .Samuel  Hughes,  C.E.  New  Edition,  revised  by  W. 
Richards,  C.E.    Illustrated.    3s. 

117.  SUBTERRANEOUS  SURVEYING;  an  Elementary  and  Prac- 

tical Treatise  on.  By  Thomas  Pbnwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
modem  Improvements.    By  Thomas  Baker,  C.E.    Illustrated,    as.  6d. 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.    3s. 

7,   stationers'   hall  COURT,   LUDGATE  HILL,   E.C. 
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33.   CRAXES,  the  Construe 

Hrnvy  IJoriirs  for  tli,.  Errr 
Jo^PPIf  CIlVN.v.  KR.S..  &(• 

Lakd.vpr.     Illustratctl      is 
^;  59.  STEAM  BOILERS  •  1 

L'  .        R- Armstrono,  C.E.    IIIqsi 

63.  AGRICULTURAL  EN 
**  P°^f*^Siold  Machines,  Ma 

«-. fc.     lllintrated.     is. 
67.  CLOCKS,   WATCHES 

•    *    ^        **"•    '^^  **'^  KoMtr.VD  Bk(  KBr 

Irratne,  with  very  Mumrrvtts 

77*.  rzWf  ECONOMY  OF 
Revjerbatorj'  Furnace*  for  t» 

»y  T.  SymBS  PRIDEAIX.      i< 

82.  THE  POJVER  OF  IVA 

and  to  Riyc  motion  to  Tnrbin. 

e     „^'^^-^'^.  F-»<S.,  Sec.    New£ 

98.  PRAC7JCAL   MECHA. 

J.Nasmv,h.  CK.     Plates. 
114.  .l/^^7/y:\^y?};  Element; 

AVorkinK'.     Illustrate.!    hy   nt 
,  different  Uranelu-s  of  Manufa 

"5-  ATLAS    OF  PLATES 
C.  I).  Abk...  c.K.    7,.  0,1. 

125.  THE  COMBUSTION  Oi 
OF  SMOKK  Chemi.  a/Iy  an, 
Hv  C.  Wyk  Wiiliams.  A  J  C 

139.   THE  STEAM  ENGINE 

of,  witi,  Rulc-s  at  Irn^th.  and 
A        o?;^^''''"' ^•^'-     "l^trated. 

'^''  ^^1^;^^"^^^   I'OUND. 
Mo,l..l|,n^r,     l>attern-.Makine. 

I}rc,nz,ng  Sec.  A\',th  copfous  K 
Costs  and  Estimates,    liv  W* 
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Mechanical  Engineering,  etc.,  continued. 

i66.  POWER  IN  MOTION:  Horse-Power,  Motion.  Toothed- Wheel 
Geariag,  Lou?  ^nd  Short  Driviaj^  Bandt,  Angular  Forces.  By  Jambs 
Armour,  C.E.    With  73  Diagrams,    ts.  6d. 

167.  THE  APPLICA  TION  OF  IRON  TO  THE  CONSTRUCTION 
OF  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER  WORKS.  Showing 
the  Principles  upon  which  such  Structures  are  designed^  and  their  Practical 
Application.    By  Francis  Campin,  C.E.    Numerous  Woodcuts.    2s. 

171.  THE  WORKMAN S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Engineer,  Instructor  in  Enfpneering 
Drawing,  Royal  School  of  Naval  Architecture  and  Marine  Engineering, 
South  Kensingtoa.  Illustrated  with  7  Plates  and  nearly  350  Woodcuts.  3«.6a. 

SHIPBUILDING,    NAVIGATION,   MARINE 

ENGINEERING,   ETC. 

51,  NAVAL  ARCHITECTURE,  the  Rudiments  of ;  or,  an  Exposi- 
tion of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  By 
Jambs  Pbaks,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmouth. 
Third  Edition,  corrected,  with  Hates  and  Diagrams.    3s.  6d. 

53».  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementary 
and  Practical  Principles  of  the  Censtraction  of.  By  Hakon  A.  Sommbr- 
B8LOT,  Surveyor  of  the  Royal  Norwegian  Navy.    With  an  Appendix,    is. 

53»*.  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rttdimentarv  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks :  Chain, 
Wire,  and  Hemp  Ropes,  <^*,  relative  to  every  class  of  vessels.  TcM^ether 
with  an  Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy  of 
Great  Briuin  and  Ireland.  By  Robert  Kipping,  N.A.  Tfakteeoth  Edition. 
Ulttstrated.     is.  6d. 

54».  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Sliip  Builders.  By  John  Gsantham,  Con- 
sulting Engineer  and  Naval  Architect.  Fifth  Edition,  with  important  Addi- 
tions.   4s. 

54»».  AN  ATLAS  OF  FORTY  PLATES  to  lUustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
"Warrior,"  "Hercules,^*  "  Bellerophen -, '•  H.M.  Treop  Ship  "Serapis," 
IxoBL  Floating  Dock,  Sec.,  8cc.    4to,  boards.    j8s. 

55.  THE  SAILOR'S  SEA  BOOK:   A  Rudimentaiy  Treatise  on 

Navigation.  L  How  to  Keep  the  Log  and  Work  it  off.  II.  On  Finding  tl« 
Latitade  and  Lonfritude.  By  Jambs  Grbbnwood,  B.A.,  of  Jesus  College, 
Cambridge.  To  which  are  adcwd.  Directions  for  Great  Circle  Sailing ;  an 
Essay  on  the  Law  of  Storms  and  Variable  Wiuds ;  and  <!.xp1anations  of 
Terms  used  in  Ship-building.  Ninth  Edition,  with  several  Engravings  and 
Coloured  Illustrations  of  the  Flags  of  Maritime  Nations,    as. 

^.  MARINE  ENGINES^  AND  STEAM  VESSELS,  a  Treatise 
on.  Tos^ether  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  ia  the  Royal  and  Merchant  Navy.  By  Robbrt  Murray,  C.E., 
Engineer- Surveyor  to  the  Board  of  Tr.«de.  With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  Frencli,  German,  and  Spaaisih.  Fifth  Edition, 
vevised  and  «Blarged.    Illustrated.    3s. 

83*M.  THE  FORMS  OF  SHIPS  AND  BOATS rVLmXs,  Experiment- 
ally Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  W. 
Blaitd.  Sixth  Edition,  revised,  with  naaterous  Illustrations  and  Moctels.  xs.  6d. 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  factfitate  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  R.  Youno,  forraedy  Professor  of  Mathematics  ia 
Belfast  College.    Illustrated.    2S.  6d. 
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PHYSICAL    SCIE 

=     t     ■  ;    /  .  SO 

:  ,  :      r  '•  <^^^MISTRY,  for  the 

:  ;  ■  i  FowKM.  F.R.S.     With  a 


>•  Agrriculture.    '»! 


*•  ^"ATURAL  PHILOSi 

!  ■   •  King's  College  SchooJ,  G 

4.  MINERALOGY,  Rudi, 

wMineralt.    BjA.  Ramsj 

■     ^  6.  MECHANICS,  Rudim. 

PMition  of  the  General  Prit 

C«l«ire  School,  I^ondon.    1 
7.  ELECTRICITY;  shon 
Science,  and  the  purposes 

V  t"?"'  FK-%  fcr.'wit 
»  -      ^'l*!^*    Woodcuts.    IS.  6d 

/  ?•.  GALVANISM,  Rudimc 

ciples  of  Animal  and  VolUi 
Edition,  revised,  with  cow 
•r.ft.A.    Woodc  Iks.    IS.  6d. 

8.  MAGNETISM;  beinp  a 
gplM  ofMarneHcal  Scienc. 
By  Sir  W.  Snow  Harus. 
NoAi>     H,.D.,   Vice-Presidt 
Manual  of  Electricity, "  &c 

11.  THE  ELECTRIC  TEL 
wi^th  Descriptions  of  some  of  tl 
w  oodcnts.    js 

12.  PNEUMATICS,    for    t]i< 
T0MLWS0.V.    ninstratcd.    is, 

72.  MANUAL  OF  THE  Mi 
Fossil  Shells.  By  Dr.  S.  I 
1^"!^  Hi"'  A.I  .S.  F.G.& 
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Physical  Science,  Natural  Philosophy,  etc.,  continued, 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 
embracine  also  a  clear  development  of  Hydrostatics,  Hydxodynamics,  and 
Central  Forces.    By  T.  Bakkr,  C.E.    is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks*  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarged  :  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TTiLEGRAPHy,  for  the  Use  of  Students, 
by  W.  McGregor,  First  Assistant  Superintendent,  Indian  Gov.  Telegraphs. 
Woodcuts.    3s. 

143.  EXPERIMENTAL    ESSAYS.      By    Charles    Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.     II.  On  the  Motion  of  Camphor 
towards  the  Light.  III.  Historyof  thcModemTheoryofDcw.  Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "  Rudiments  of  Geology."    By  Ralph  Tatb,  A.L.S.,  &c.    Numerous 
Woodcuts.     2S. 

174.  HISTORICAL    GEOLOGY,    partly    based    on    Major-General 

Portlock's  "  RudimenU."   By  Ralph  Tatb,  A.L.S.,  8tc.  Woodcuts,  as.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

^         Historical.     Partly  based  on  Major-General  Portlock's  '*  Rodiments  of 

|..       Geology."    By  Ralph  Tatb,  A.L.S.,  F.G.S.,  8tc.,  8tc.    Namerons  Illostra- 

'^*      tions.    In  One  Volume.    4s.  6d. 

183.  ANIMAL  PHYSICS,  Handbook  of.    By  Dionysius  Lardner, 

^        D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  Uni- 
versitv  College,  London.    With  520  Illustrations.     In  One  Volume,  cloth 
1 04*       boards.    7s.  6d. 

*»*  Sold  also  in  Two  Paris,  as  follows  : — 
183.     Animal  Physics.    By  Dr.  Lardnrr.    Part  I.,  Chapter  I— VII.    4s. 
X84.     Amimal  Physics.    By  Dr.  Lardnbr.    Part  II.  Chapter  VIII— XVlII.    3$. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  vrithout  the  Magnetic  Needle.  By  Thomas  Fbnwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.    Illustrated,    ss.  6d< 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts.    2s. 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores ;  their  Assay  and  Treatment,  and  valuable  Constituents.    By  Dr. 
R.  H.  Lamborn.    Woodcuts.    2s. 

135.  ELECTRO-METALLURGY;  Practically  Treated.     By  AxEX- 

ANDBR  Watt,  F.R.S.S.A.    New  Edition.    Woodcuts,    ss. 

1 7 J.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  8cc.  Comprising  Observations  on  the  Materials  from,  and 
Processes  b^  which,  they^  are  manufactured ;  their  Special  Uses,  Applica* 
tions.  Qualities,  and  Efficiency.  By  William  Morgans,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines.    2s.  6d. 

1 7 J*  MINING  TOOLS,  ATLAS  of  Engravings  to  Dlustrate  the 
above,  containing  235  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to. 
4s.  6d. 

176.  METALLURGY  OF  IRON,  a  Treatise  on  the.  Containing 
Outlines  of  the  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses 
of  Iron  Ores.  Processes  of  Manufacture  of  Iron  and  Steel,  Sec.  By  H. 
Baubrman,  F.G.S.,  Associate  of  the  Royal  School  of  Mines.  Fourth 
Edition,  revised  and  enlarged,  with  numerous  Illustrations.    4s.  6d. 
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157.  ^//A'    E.\aG RANTS 
Jamks  Mann,   F.R.A.S..   ] 
the  pnvsont  Date.     Map.     2 

159.  THE  EMIGRANTS  ( 

UaUs,  li'estem  Australia, . 
the  Kev.  jAMhs  Bairh,  \\.i 

160.  TiV^"  EMIGRANTS  i 

ZEALAND,    By  the  Rev. 

IS^^THE  EMIGRANTS  C 

160.    ?cy- J- «AiRD,  B.A.    Comp 

With  Maps  of  Australia  and 


AGRl 

29.  THE   DRAINAGE   Ol 

G.  Drysdalb  Dkmpsky,  C.li 

%•   BV/A  "  DmiHo^.  of  TV 

63.  AGRICULTURAL  ENC 

Powers  and   Machinery  of  X 

Ky  G.  H.  AndrbwSj  C.K.    II 

66.  CZ^K    LANDS    AND 

DoNALD.«BON.      IS. 

131.  MILLER'S,   MERCHA. 

RFXKOXER,  for  ascertain i 
from  One  Bushel  to  One  Hun 
£S  per  Quarter.  Togetht-r  w 
Millwork,  &c.     is. 

140.  SOILS,    MANURES,   A 

MoDRRN  Farming.)    By  R.  S 

141.  EAR  MING  AND  EAR, 

and  Practical  on.    (Vol.  a.  Oi 
Blrn.    Woodcuts.    38. 

142.  STOCK;    CATTLE,    SI 

Outlines  op  Modhk.n  Fakmi 

145-  DAIRY,  PIGS,  AND  I 

R.  Scott  Burn.    With  Notes 

OF  Modern  Farmi.vg.)    Woo. 

146.  UTILIZATION     OP      <: 


WEALE*S   RUDIMENTARY   SERIES. 


FINE    ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS,  Adapted  to  Young 
Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  Gborgb  Pyne, 
Artist.    Woodcuts,    as. 

27.  A  GRAMMAR  OF  COLOURING,  applicable  to  House  Paint- 
ing. Decorative  Architecture,  and  the  Arts,  for  the  Use  of  Practical  Painters 
and  Decorators.  Bv  Gborgs  Fibld,  Author  of  "  Chromatics ;  or.  The  Ana- 
logy. Harmony,  ana  Philosophy  of  Colours,"  &c.  Coloured  Illustrations. 
2s.  6d. 

40.  GLASS  STAINING;  or,  Painting  on  Glass,  The  Art  of.     Com- 

prising Directions  for  Preparing  the  Pigments  and  Fluxes,  laying  them  upon 
the  Glass,  and  Firing  or  Burning  in  the  Colours.  From  the  German  of  Dr. 
Gbssbrt.    To  which  is  added,  an  Appendix  on  Thb  Art  of  Enamblung, 

41.  PAINTING  ON  GLASS,  The  Art  of.     From  the  German  of 

Emanuel  Otto  Frombbrg.    is. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.    By  Charles  Child  Spe  cer.    ss. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises and  Lessons.  Written  and  Selected  from  the  Best  Masters,  by  Charles 
diiLA  Spbncrr      xs 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic.  Miniature. 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Guluck,  assisted  by 
John  Timbs,  F.S.A.  Third  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.    5s. 


ARITHMETIC,    GEOMETRY,    MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 
their  Construction,  and  the  Methods  of  Testing.  Adjusting,  and  Using  them 
are  concisely  Explained.    By  J.  F.  Heather,  M.A.,  of  the  Royal  Military 
Academy^  Woolwich.    Original  Edition,  in  i  vol.,  Illustrated,     is.  6d. 
%•  In  ordering  ine  above,  be  careful  to  say,  **  Original  Edit  ion  ^^  or  give  the  number 
in    ike  Series  {32)  to  distinguish  it  from  the  Enlarged  Edition  in  3  vols. 
{Nos.  168-9-70). 
60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 
with  all  the  Modem  Improvements.    Arranged  for  the  Use  of  Schools  and 
Private  Students ;   also  for  Practical  Land  Survevors  and  Engineers.    By 
bT.  Baker,  C.E.  New  Edition,  revised  by  Edward  Nugent,  C.E.  Illustrated 
with  Plates  and  Diagrams,    as. 
6l*.  READY  RECKONER    FOR    THE   ADMEASUREMENT 
,OF  LAND.    By  Abraham  Arman,  Schoolmaster,  Thurleigh,   Beds.     To 
.which  is  added  a  Table,  showing  the  Price  of  Work,  from  as.  6d.  to  C^  per 
acre,  and  Tables  for  the  Valuation  of  Land,  from  is.  to  £i,ooa  per  acre,  and 
from  one  pole  to  two  thousand  acres  in  extent,  &c.,  8cc.    is.  6d. 
76.  DESCRIPTIVE    GEOMETRY,    an    Elementary  Treatise    on; 
with  a  Theory  of  Shadows  and  of  Persj^ctive,  extracted  from  the  French  of 
G.  Mongb.    To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.    By 
J.  F.  Heather,  M.A.    Illustrated  with  14  Plates,    as. 
178.  PRACTICAL    PLANE    GEOMETRY:    giving    the    Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.   By  J.  F.  Heather,  M.A.  With  ai5  Woodcuts,  as. 
\1(^.  PROJECTION :   Orthographic,   Topographic,   and  Perspective: 

giving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
ingle  Plane  Surface.    By  T.  F.  Heather,  M.A.  [/«  ^paration, 

%*  The  above  three  volumes  will  form  a  Complbte  Elbmbntary  Course  of 

Mathematical  Drawing. 
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Parts,  IS.  o.nh  ;  or  in  One  Vol. 

86.  ALGEBRA,    the    Element 
Si'tontl   M.ithomaiicul  Mustfr 
containing  misct'llitnciius  Invc 
various  parts  of  Alt^cbra.    2s. 

.86*  A  Key  and  Companion  to  tlio  al 
Solved  Examples  and  ProbU-r 
necessary  in  AlK^tbraical  Opor» 
tion.    By  J.  R.  Young,     is.  bd 

88.  EUCLID^  The  Elements 

8q.     ^n^  Explanatory  Notes:  to  w 
f,    I  '  Logic.    My  Henry  Law,  C.E. 

'  •«•  SolJaU^ 

88.      FucuD,  The  First  Three  Book.* 

8<).      ErcuD,  Books  4,  5,  6,  11,  12.    I 

90.  ANALYTICAL  GEO  ME 

a  Kudimentar)'  Treatise  on.  1 
Kine's  Co11c(ro  School,  Lrnidc 
bv  J.  R.  YoiTNO,  formerly  Proti 

91.  PLANE    TRIGONOME 

Hann,  formerly  Mathematical 

92.  SPHERICAL  TRIGONO. 
Hann.    Rcvisetl  by  Ciiari.es 

•,•  OrTvitk  "  The  Elements  of  Pi 

93.  MENSURATION  AND  . 

tiral  Usi\     With  the  Meniural 
Modern  Enpin<-erinj{.     Ky  T. 
and  Additions  by  E.  Ni'Gknt, 

94.  LOGARITHMS,   a  Treati 

facititatinf^  Astronomic  al,  Naut 
lations;  Tables  of  Natur.il  Si 
Henry  Law,  C.E.    Illustrati" 

loi*.  MEASURES,  IVEIGII'I 
TIONS,  and  an  Analysis  o 
Calendars.    By  W.  S.  B.  \N'o 

102.  intp:gral  calculu 

HOMERKHAM   CoX,    B.A.      Illui 

103.  integral  CALCUim 

late  of  Kind's  College,  Londoi 


i     . 


WKALE'S   rudimentary  series.  II 

Arithmetic,  Geometry,  Matllematics,  etc.,  contintied, 
105.  MNEMONICAL    L£SSONS.  ^  GEOuti^KY,    Algebra,    and 

Trioonomstry,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  Thomas 
Penyngton  Kjrkman,  M.A.    is.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.  By  Jambs  Haodon,  M»A.  Revised  by  Abraham  Arman. 
IS.  6d. 

137.  A  Kby  to  Haddon's  Ruoimbntary  Aritbmbtic.    By  A.  Arman.    is.  6d. 

147.  ARITHMETIC,  Stepping- Stone  to  ;  Being  a  Complete  Course 

of  Exercises  in  the  First  Four  Rules  (Simple  and  Compound),  on  an  entirely 
new  principle.  For  the  Use  of  Elementary  Schools  of  every  Grade.  Intended 
as  an  Introduction  to  the  more  extended  works  on  Arithmetic.  By  Abraham 
Arman.    is. 

148.  A  Kby  to  Stbppinc-Stonb  to  Arithmetic.    By  A.  Arman.    is. 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  Containing 
full,  easy,  and  simple  Instructions  to  periorm  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoars,  C.£.  With  a 
Slide  Rule  in  tuck  of  cover.    3s. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing—I. Instruments  emplm'ed  in  Geometrical  and  Mechanical  Drawing, 
auid  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  Used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Hbathbr,  M.A.,  late  of  the  Royal 
Military  Academy,  Woolwich,  Author  of  "  Descriptive  Geometry,"  kc,  h.c. 
Illustrated,     is.  6a. 

169.  OPTICAL  INSTRUMENTS,    Including  (more  especially)  Tele- 

scopes.  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employ^  in  Astronomical  Observa> 
tions.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 

%•  The  above  three  volumes  form  an  enlargenteni  of  the  Author's  original  workf 
"  Mathematical  [nst rumen  ts:  their  Construction,  Adjustment,  Testing,  and  Use,** 
the  Eleventh  Edition  of  which  is  on  sale,  ^'ce  is.  6d.  (See  No.  32  in  the  Series.) 

x6A,\  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heathex, 

169.  ^  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.  The  3  Parts  as 
170.^  above,  in  One  thick  Volume.   With  numerous  Illustrations.  Cloth  boaids.  5s. 


LEGAL    TREATISES. 

50.  THE  LAW  OF  CONTRACTS  FOR   WORKS  AND  SER- 
VICES.   By  David  Gibbons.    38. 

107.  COUNTY  COURT  GUIDE,   Plain    Guide  for  Suitors  in  the 

County  Court.    By  a  Barristsr.    is  6d. 

108.  THE  METROPOLIS  LOCAL  MANAGEMENT  ACT,  i8ih 

auid  19th  Vict.,  c.  lao;  19th  and  soth  Vict.,  c.  iia;  sist  and  atnd  Vict^ 
c.  104 ;  24th  and  25th  Vict.,  c.  61 ;  also,  the  last  Pauper  Kemoral  Act.,  ana 
the  Parochial  Assessment  Act.     is.  6d. 

io8*.  THE  METROPOLIS  LOCAL  MANAGEMENT  AMEND^ 
MS  NT  ACT,  1862,  asth  and  a6th  Vict.,  c.  lao.    Notes  and  an  Index,    is. 
\*  With  the  Local  Management  Act,  in  One  Volume,  2s.  bd. 
151.  A   HANDY  BOOK  ON  THE  LAW  OF  FRIENDLY,  IN^ 
DUSTRIAL  h*  PROVIDENT  BUILDING  6-  LOAN  SOCIETIES. 
With  copious  Notes.    By  Nathanibl  White,  of  H.M.  Civil  Service,    is. 

163.  THE  LAW  OF  PATENTS  FOR  INVENTIONS',  and  on 
the  Protection  of  Designs  and  Trade  Marks.  By  F.  W.  Campin,  Barrister* 
at- Law.    2s. 
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I'.x^rt  r^p,  I  nv.t,  .iDii  (.  uitninic  : 
ati'l  1  lii-r.i|>fUt:i".     Itv  the  J<f\ 

113.  I'V/iL/^  ARTILLERY  O: 

vs\if*  i.il  Ki'ftTrnre  to  th^it  of 
R^'  'i'AViii'Mr,  Captain,  I'ruo<iiai 
Lifut.-Col.  Hfe.NRV  IIamii.iiin 

113*.  SJVORDS,  ASD  or  HE} 
iiiR,  M<-moir  on.  Bv  Culone 
Colonel  H.  H.  Maxwsi  I..    W 

15a  LOGIC,    Pure     and    Appl 

Edition,     is.  6d. 

IS  J.  PRACTICAL   HINTS  F^ 

an  Kiplanntion  of  the;  Mode  of 
Hy  Fkam  is  Pi.aykokd,  .Sworn 

153.  SELECTIONS    FROM 
HUMAN  UNDERSTANDh 


EDUCATIONAL  AN] 


«  ■ 


HIS 
I.  England,  Outlines  of  t 

rt* liTiMUT  to  the  Orif^in  iinil  Pi 
J)fx>k  tor  Srliools  ami  Cfillr)r«» 
of  Jlcr  Miiji'sty's  Puhlir  Rfcon 
down  tr>  x{<72.  Maps  and  Wo 
Part4,  XX.  iMch. 

5.  Greece,  Outlines  of  th< 

Kisi>  of  thi'  Arts  nn«l  Civilizat 
of  Uniwrsity  CoIli»»f«S  Lond< 
Collr^c,  Oxtord.     2X.  od. ;  clot 

7.  Rome,  Outlines  of  the 

to  the  Chrihtian  Kra  and  the  C 
By  £dwaki>  Lkvikx,  of  Halliol 

9.  Chronology  of  History 

,from  the  Creation  of  the  Woi 
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ENGLISH    LANGUAGE    AND    MISCEL- 
LANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spokes  and  Written. 

With  an  Introduction  to  the  Study  of  ComparatiTe  Philolorr.  By  Htj>b 
Clarke,  D.C.L.    Third  Edition,    is. 

II*.  Philology:  Handbook  of  tlie  Comparative  Philology  of  English, 
Anelo-Saxon,  Frisian,  Fler  ish  or  Dutch,  Low  or  Piatt  Dutch,  K\gh  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Lathi,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.    By  Hydb  Clarke,  D.C.L.     is. 

12.  Dictionary  of   the   English    Language,  as  Spoken  and 

Written.  ConUining  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and    Punctuation,   familiarly  Explained    for 

those  who  have  neglected  the  Study  of  Grammar.  By  Austin  Brenan. 
i6th  Edition,     is. 

49.  Derivative  Spelling-Book :  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Si>anish, 
and  o^er  L.inguages ;  with  their  present  Acceptation  and  Pronimciation. 
By  J.  Rowbotham,  F.R.A.S.    Improved  Edition,     is.  6d. 

51.  The  Art  of  Extempore  Speaking :  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicur-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  Fifth  Edition,  carefully  corrected. 
28.  6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Houk  ot,  for  Schools.  By  T.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,     is.  6d. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  Edgar 
Rand,  B.A.    is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Brief  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink,  Practical  Chemist,  ice,  and  George 
£.  Werster,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting. 
ham.    2s. 

THE    SCHOOL    MANAGERS'    SERIES   OF   READING 

BOOKS, 

Adapted  to  the  Requirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely;  formerly  H.M.  Insi>ector 
of  Schools. 

Introductort  Primer 
First  Sianuard 
Second       „ 

•„•  A  Sixth  Standard  in  Pre  ^ration. 

Lessons  from  the  Bible.    Part  1.    Old  Testament,    is. 

Lessons  from  the  Bible.     Part  II.     New  Testament,  to  which  is  added 

Thf  Geography  of  the  Bible,  for  very  young  Children.    By  Rev.  C. 

Thorn  1  ON  FoRSTER.     is.  2d.    %*  Or  the  Two  Parts  in  One  Volume.  2s. 


*.  d. 

*.  d. 

0    3 

Third  Standard  . 

• 

■ 

.    I    0 

0    6 

FOUHTH          „ 

■ 

• 

I    2 

0  10 

Fifth           „ 

• 

■ 

.    X    6 

FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.     is. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  on  Railways,  8tc.     By  Alfred 
Elwes.    is.  6d. 

7,    STATIONERS*   HALL  COURT,    LUDGATE   HILL,    E.G. 


. 

I 
1 

• 
I 

1 

■.  ■ 

4 

1 

1 

1 

1 

■ 

■  » 

P 

1 

i 

' 

»            • 

1 

1 

1.        ♦ 

1 

i 

t 

I 


llrvw.'s  Jhiontiial  and  l*ractica 

40.  German  Reader:   AScric: 

m«iM    .i|iprovf.l  Authors   nt"  (jcrr 
pl.inatiiry.     Ily  (J.  L.  Strains,  I- 

41.  German  Triglot   Diction 

.S.  A.  Hamilton.     Part  I.  Kn^rlis 

42.  German    Triglot    Dictio 

Enfflish.     IS. 

43-  German  Triglot  Diction 

Enifli.sh.     It. 

4I-43- German   Triglot   Diction 

cloth  boards,  4s.    •»*  Or  with  the 


ITAL 

27.  Italian  Grannmar,  arranf^et 

of  Kxrrrisc^.     Hy  AlkrbI)  Klwks. 

28.  Italian  Triglot  Dictionai 

Italian  and  Knrnch  Nouns  an.*  ca 
Vol.  I.  Italian- Knf2:H&h-Fronch.    2 

30.  Italian    Triglot     Diction 

I']n;:li>h-l''n'ni  h-Ir.ilian.     zs. 

32.  Italian  Triglot  Dictionai 

Frcn<-)i-ItaIi.-iii-Knglish.     as. 

28,30,  Italian   Triglot   Dictionai 

ja.      cloth  boards,  ;s.  (m1.     %•  Or  with  I 

SPAN 

34.  Spanish  Grammar,  in  a  S 

a  C'oursr  of  Kxorciscs.     Hy  Ai.fkkd 

35.  Spanish-English    and    Ei 

]ntludiniral:ir»s'('numl)crofTo<:hniri 
with  thi'  propiT  Arronts  and  the  C?- 
4s. ;  clolii  boards,  5s.    *,*  Or  with 

HEBR 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Transition  and  Construction.    Hy  the  Rev.  Thomas  Goodwu*, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,     is. 

20.  Latin-English  Dictionary.    Compiled  from  the  best  Autho- 

rities.   Hy  the  Rev.  Thomas  Goouwi.v,  M.A.    2s. 

22.  English-Latin    Dictionary;    together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  (tooowin,  M.A.    is.  6d. 

20,22.  Latin  Dictionax*y  (as  above).    Complete  in  One  Vol.,  38.  6d. ; 
cloth  boards,  48.  6d.    \*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealotncal  Vocabularies  and  Explanatory  Notes,  by  Hb.nry  Young. 
lately  Second  .Master  of  the  Koy.'il  Gr.immar  School,  Guildford,     is. 

2.  Caesaris  Commentarii  de  Bcllo  Gallico.  Notes,  and  a  Geographical 

RcKixter  for  the  Use  of  .Schools,  by  H.  Youxo.     as. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Ameiino.  Edited,  with  an 
Introduction.  Analysis,  and  Notes  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davifs,  M.A.     is. 

14.  Ciceronis  Cato  Mnjor,  Laelius,  Brutus,  sive  de  Senectute,  de  Ami- 
citia.  de  Claris  Oratoribus  Dialojji.  With  Notes  by  W.  Drownrigo  Smith, 
M.A.,  K.K.G.S.    2s. 

3.  Cornelius  NepoS.      With  Notes.     Intended  for  the  Use  of 

Schools.     i)y  H.  VouNO.     is. 

6.  Horace;   Odes,    Epode,  and  Carmen  Sseculare.     Notes  by  H. 

YOL'NO.     IS.  6d. 

7.  Horace ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

rkk;  Smith,  M.A.,  F.K.G.S.    is.  6d. 

21.  Juvenalis  Satiiae.     Wiih  Prolegomena  and  Notes  by  T.  H.  S. 

KscoTT,  IJ.A.,  Lecturer  on  I^gic  at  Kinj^'s  Colleiff,  I^mdon.     is.  6d. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.     Part  i.     Hooks  i.,  ii.,  is.  6d. 
i6*. Part  t.     Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  J.     Hooks  xxi.  xxii.,  is.  b  i. 

8.  Sallustii  Crispi  Catalina  et  Bcllum  Jugurthinum.     Notes  Critical 

and    Explanatory,  by  W.   M.   Donxk,  H.A.,  Trinity  Col]e(;e,  Cambridge. 
IS.  6d. 

10.  Terentii  Adelphi  Hrcyra,  Phormio.     Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Daviks,  M.A.    as. 

9.  Terentii  Andria  et  Heautoniimorumcnos.     With  Notes,  Critical 

and  Explanator>',  by  the  Rev.  Jamks  Daviks,  M.A.    is.  6d. 

11.  Terentii  Eunuchus,  Comoedia.     Edited,  with  Notes,  by  the  Rev. 

Jamrs   Davies,   M.A.      is.  6d.    Or  the  Adelphi,  Andria,  and   EonncLus, 
3  \ols.  in  I,  cloth  boards,  6s. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  Rl'siiton,  M.A.,  and  on  the  Georgics  by  H.  Young,    is.  6d. 

5.  Virgilii  Maronis  -^iineis.     Notes,  Critical  and  Elzplanator>',  by  H. 

Y0UN(J.     2^. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Pronertius, 

and  Ovid.   Note-,  by  W.  H.  Don.ne,  M.A.,  Trinity  College,  CambridKe.    tt. 

20.  Latin  Prose    Selections,   from  Varro,   Columella,   Vitnivius, 

.Seneca   Quintilian,  Floru*,  Velleius  P.-iterculu«,  Valerius  Maxirans  Saeto- 
nius.  Apulcius,  8tc.    Notes  by  W.  B.  Donnb,  M.A.    ss. 


7,   STATIONERS'   HALL  COURT,   LUDGATE  HILL,   E.G. 


l^.ilitutn,  Willi  an  iinprovru  aiiui 
HinrHisi»N,  M.A.,  ut  the  High 
30.  ^schylus :  Prometheus  '^ 
the  Tcxi  of  DiNPOKF.  E«Ht«'d.  \ 
bv  till!  Rev.  Jame.s  Daviks,  M, 

I      .  3*.  .^schylus :  Septem  Con  I 

From  the  Text  of  Dindorf.    I 
*      .       :  planutory,  by  the  Rev.  Jamks 

i  *•    .  40.  Aristophanes:   Acharni 

\  ,   '  .  *  Wkisr.    With  Notes,  by  C.  S. 

■      •  I,   J  26.  Euripides:  Alcostis.    CI 

',  -    ♦  Notes.  Critical  and  Explanato: 

{  23.  Euripides :  Hecuba  and 

DOKF.    With  Notis,  Critical 
'      J.  M.A..  F.R.G.S.    i«.  6«l. 

14-17.  Herodotus,  The  Histor>' 

With   Prelim in.irv  Observalio 

Explanatory,  by  T.  H.  I-  j^- 

I      ;  Parti.    BookH  I.,  n.  (Tht 

Part  2.     lU»oks  iii.,  }}'•  Q 

:    ■  Part  3.    IJooki  v.-Mi.  (T 

Part  4.    J<<M)ks  viii.,  iv.  ( 


V 


» 


5-12.  Homer,  The  Works  of. 

With    Ni>tcs,   Critical   and   E 
Auth«iriti«*s.  with   Preliminar] 
I,KARY,  M.A.,  D.C.L. 
•  Tub  Iliad:         p»rt  1.   lUioks  1.  to  vi. 

Part  a.   Books  VII.  to  XI 

The  Ouyssky:    Parti.   Hooks  i.  to  vi 

Part  a.   Books  vii.  to  xi 

4.  Lucian's  Select  Dialc 

:  Gr;imniatical  and  Explanator 

13.  Plato's  Dialogues:  T 

I .-  thv  Ph.vdo.    From  the  Text  o! 

t  and  ExpIan.itor>'.  by  the  Rev. 

18.  Sophocles:  CEdipus  Tyr 
i  20.  Sophocles:    Antigone. 

Criii<:al  and  Explanatory,  by 

At.  Thucvdldes:  History  oi 


